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THE SECRETARY OF HEALTH AND HUMAN SERVICES
WASHINGTON. O C 20201

SEP 13 19%0

The Honorable Thomas S. Foley

Speaker of the House of
Representatives

Washington, D.C. 20515

Dear Mr. Speaker:

It is my pleasure to transmit to the Congress the 1990 Surgeon General's
Report on the health consequences of smoking as mandated by Section 8(a) of
the Public Health Cigarette Smoking Act of 1969 (Pub. L. 91-222). The report
was prepared by the Centers for Disease Control's Office on Smoking and Health.

This report, entitled The Health Benefits of Smoking Cessation, examines how
an individual's risk of smoking-related diseases declines after guitting
smoking. The evidence 1s overvhelming that smoking cessation has major and
immediate health benefits for men and women of all ages. Smoking cessation
increases overall life expectancy and reduces the risk of lung cancer, other
cancers, heart attack, stroke, and chronic lung disease such as emphysema.

The health benefits of smoking cessation far exceed any risks from the average
5-pound welght gain or any adverse psychological effects that may follow
quitting.

Cigarette smoking is the most important preventable cause of death in our
soclety. It is responsible for approximately 390,000 deaths each year in the
United States, or more than one of every six deaths. We must do all we can to
prevent young people from taking up this deadly addiction, and we must help
smokers quit. Given the enormous benefits of smoking cessation, and the fact
that good smoking cessation programs can achieve abstinence rates of 20 to 40
percent at one-year followup, these programs are likely to be extremely
cost-effective compared with other preventive or curative services.
Therefore, I would encourage health insurers to provide payment for smoking
cessation treatments that are shown to be effective. At a minimum, the
treatment of nicotine addiction should be considered as favorably by
third-party payors as treatment of alcoholism and illiclt drug addiction.

This report should help convince all smokers of the compelling need to quit
smoking.

Sincerely,

Louis W. Sullivan, M.D.
Secretary

Enclosure
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The Honorable Dan Quayle
President of the Senate
washington, D.C. 20515

Dear Mr. President:

It is my pleasure to transmit to the Congress the 1990 Surgeon General's
Report on the health consequences of smoking as mandated by Section 8(a) of
the Public Health Cigarette Smoking Act of 1969 (Pub. L. 91-222). The report
was prepared by the Centers for Disease Control's Office on Smoking and Health,

This report, entitled The Health Benefits of Smoking Cessation, examines how
an individual's risk of smoking-related diseases declines after quitting
smoking. The evidence is overwhelming that smoking cessation has major and
immediate health benefits for men and women of all ages., Smoking cessation
increases overall life expectancy and reduces the risk of lung cancer, other
cancers, heart attack, stroke, and chronic lung disease such as emphysema.

The health benefits of smoking cessation far exceed any risks from the average
S-pound weight gain or any adverse psychological effects that may follow
quitting.

Cigarette smoking 1s the most important preventable cause of death in our
soclety. It is responsible for approximately 390,000 deaths each year in the
United States, or more than one of every six deaths. We must do all we can to
prevent young people from taking up this deadly addiction, and we must help
smokers quit, Given the enormous benefits of smoking cessation, and the fact
that good smoking cessation programs can achieve abstinence rates of 20 to 40
percent at one-year followup, these programs are likely to be extremely
cost-effective compared with other preventive or curative services.
Therefore, 1 would encourage health Insurers to provide payment for smoking
cessation treatments that are shown to be effective, At a minimum, the
treatment of nicotine addiction should be considered as favorably by
third-party payors as treatment of alcoholism and illicit drug addiction.

This report should help convince all smokers of the compelling need to quit
smoking .

Sincerely,
- s )
ey Y /V,wﬁ(z/rm/(/

Louils W. Sullivan, M.D.
Secretary
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FOREWORD

More than 38 million Americans have quit smoking cigarettes. and nearly half of all
living adults who ever smoked have quit. Unfortunately, some 50 million Americans
continue to smoke cigarettes, despite the many health education programs and anti-
smoking campaigns that have been conducted during the past quarter century. despite
the declining social acceptability of smoking. and despite the consequences of smoking
to their health. . .

Twenty previous reports of the Surgeon General have reviewed the health effects of
smoking. Scientific data are now available on the consequences of smoking cessation
for most smoking-related diseases. Previous reports have considered some of these
data. but this Reporlvis the first to provide a comprehensive and unified review of this

" topic.
The major conclusions of this volume are:

1. Smoking cessation has major and immediate health benefits for men and women
of all ages. Benefits apply to persons with and without smoking-related disease.

2. Former smokers live longer than continuing smokers. For example, persons
who quit smoking before age 50 have one-half the risk of dying in the next 15
years compared with continuing smokers.

3. Smoking cessation decreases the risk of lung cancer, other cancers, heart attack,
stroke, and chronic lung disease.

4. Women who stop smoking before pregnancy or during the first 3 to 4 months
of pregnancy reduce their risk of having a low birthweight baby to that of
women who never smoked.

5. The health benefits of smoking cessation far exceed any risks from the average
S-pound (2.3-kg) weight gain or any adverse psychological effects that may
follow quitting.

With the long-standing evidence that smoking is extremely harmful to health and the
mounting evidence that smoking cessation confers major health benefits. we remain
faced with the task of developing effective strategies to curtail the use of tobacco. Two
broad categories of intervention are available: prevention of smoking initiation among
youth and smoking cessation. Resources for tobacco control are limited. and
policymakers must decide how best to allocate those resources to smoking prevention
and cessation.

The goal of public health is to intervene as early as possible to prevent disease.
disability. and premature death. From that stundpoint. preveation of smoking initiation



should be a mugor priority. More than 3.000 teenagers become regular smokers each
day in the United States. Because of the strength of nicotine addiction. some have
argued that public health efforts should focus on smoking prevention rather than
smoking cessation. However. this need not be an “either-or™ situation.

Public health practitioners have categorized interventions into primary. secondary,
and tertiary prevention. Primary prevention generally refers to the elimination of risk
factors for disease in asymptomatic persons. Secondary prevention is defined as the
early detection and treatment of disease. and is practiced using tools such as Pap smears
and blood pressure screening. Tertiary prevention consists of measures to reduce
impairment, disability. and suffering in people with existing disease.

Smoking cessation falls under the category of primary prevention as does the
prevention of smoking initiation. Smoking cessation meets the definition of primary
prevention by reducing the risk of morbidity and premature mortality in asymptomatic
people. In addition, parents who quit smoking reduce or climinate the risk ot passive-
smoking-related disease among their children and reduce the probability that their
children will become smokers. Thus, there should be no debate about the need for
smoking prevention versus cessation—both are important.

Public awareness of the health effects of smoking has increased substantially through
the years. Nevertheless, important gaps in public knowledge still exist. Some smokers
may have failed to quit because of a lack of appreciation of the health hazards of
smoking and the benefits of quitting. In the 1987 National Health Interview Survey of
Cancer Epidemiology and Control. respondents were asked whether smoking increases
the risk of various diseases (lung cancer. cancer of the mouth and throat. heart disease.
emphysema, and chronic bronchitis) and whether smoking cessation reduces the risk.
Thirty to forty percent of smokers either did not believe that smoking increases these
risks or did not believe that cessation reduces these risks. These proportions correspond
to 15 to 20 million smokers in the United States. Clearly. our efforts to educate the
public on the health hazards of smoking and the benefits of quitting are not yet complete.

As we continue and intensity our efforts to inform the public of these findings. we
must make available smoking cessation programs and services to those who need them.
Although 90 percent of former smokers quit without using smoking cessation programs.
counseling. or nicotine gum. smokers who do need this assistance should have it
available. We endorse the view expressed in the Preface to the 1988 Surgeon General's
Report that treatment of nicotine addiction should be considered at least as tavorably
by third-party payors as treatment of alcoholism and illicit drug addiction.  Good
smoking cessation treatments cun achieve abstinence rates of 20 to 40 percentat 1-year
tollowup. Those success rites. combined with the enormous health benefits of smoking
cessation. would likely make payvment for some smoking cessation treatments Cost-
beneficial. For example. rescarch by the Centers tor Disease Control suggests that a
smoking cessation program offered to all pregnant smokers could save 35 for every
dolar spent by preventing low birthweight-associated neonatal intensive care and
long-term care.



This Report should galvanize the health community to stress repeatedly at every
opportunity the value of smoking cessation to the 50 million Americans who continue
to smoke.

James O. Mason. M.D.. Dr.P.H. William L. Roper. M.D.

Assistant Secretary for Health Director
Public Health Service Centers for Disease Control
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PREFACE

This Report of the Surgeon General is the 21st Report of the U.S. Public Health
Service on the health consequences of smoking and the first issued during my tenure
as Surgeon General. Whereas previous reports have focused on the health effects of
smoking, this Report is devoted to the benefits of smoking cessation.

The public health impact of smoking is enormous. As documented in the 1989
Surgeon General's Report. an estimated 390,000 Americans die each year from diseases
caused by smoking. This toll includes 115.000 deaths from heart disease: 106,000 from
lung cancer: 31,600 from other cancers; 57.000 from chronic obstructive pulmonary
disease; 27,500 from stroke: and 52.900 from other conditions related to smoking.
More than one of every six deaths in the United States are caused by smoking. For
more than a decade the Public Health Service has identified cigarette smoking as the
most important preventable cause of death in our society.

It is clear, then, that the elimination of smoking would yield substantial benefits for
public health. What are the benefits, however, for the individual smoker who quits? A
large body of evidence has accumulated to address that question and derives from cohort
and case—control studies, cross-sectional surveys, and clinical trials. In studies of the
health effects of smoking cessation, persons classified as former smokers may include
some current smokers; this misclassification is likely to cause an underestimation of
the health benefits of quitting. Taken together. the evidence clearly indicates that
smoking cessation has major and immediate health benefits for men and women of all
ages.

Overall Benefits of Smoking Cessation

People who quit smoking live longer than those who continue to smoke. To what
extent is a smoker’s risk of premature death reduced after quitting smoking? The
answer depends on several factors, including the number of years of smoking, the
number of cigarettes smoked per day, and the presence or absence of disease at the time
of quitting. Data from the American Cancer Society’s Cancer Prevention Study Il
{CPS-II) were analyzed in this Report to estimate the risk of premature death in
ex-smokers versus current smokers. These data show, for example, that persons who
quit smoking before age 50 have one-half the risk of dying in the next 15 years compared
with continuing smokers.

Smoking cessation increases life expectancy because it reduces the risk of dying from
specific smoking-related diseases. One such disease is lung cancer, the most common
cause of cancer death in both men and women. The risk of dying from lung cancer is
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22 times higher among male smokers and 12 times higher among female smokers
compared with people who have never smoked. The risk of lung cancer declines steadily
in people who quit smoking: after 10 years of abstinence, the risk of lung cancer is about
30 to 50 percent of the risk for continuing smokers. Smoking cessation also reduces
the risk of cancers of the larynx. oral cavity. esophagus, pancreas. and urinary bladder.

Coronary heart disease (CHD) is the leading cause of death in the United States.
Smokers have about twice the risk of dying from CHD compared with lifetime
nonsmokers. This excess risk is reduced by about half among ex-smokers after only 1
year of smoking abstinence and declines gradually thereafter. After 15 years of
abstinence the risk of CHD is similar to that of persons who have never smoked.

Compared with lifetime nonsmokers. smokers have about twice the risk of dying from
stroke, the third leading cause of death in the United States. After quitting smoking.
the risk of stroke returns to the level of people who have never smoked; in some studies
this reduction in risk has occurred within 5 years. but in others as long as 15 years of
abstinence were required.

Cigarette smoking is the major cause of chronic obstructive pulmonary disease
(COPD). the ftifth leading cause of death in the United States. Smoking increases the
risk of COPD by accelerating the age-related decline in lung function. With sustained
abstinence from smoking. the rate of decline in lung function among former smokers
returns to that of never smokers, thus reducing the risk of developing COPD.

Influenza and pneumonia represent the sixth leading cause of death in the United
States. Cigarette smoking increases the risk of respiratory infections such as influenza.
pneumonia. and bronchitis. and smoking cessation reduces the risk.

Cigarette smoking is a major cause of peripheral artery occlusive disease. This
condition causes substantial mortality and morbidity: complications may include inter-
mittent claudication, tissue ischemia and gangrene. and ultimately. loss of limb.
Smoking cessation substantially reduces the risk of peripheral artery occlusive disease
compared with continued smoking.

The mortality rate from abdominal aortic aneurysm is two to five times higher in
current smokers than in never smokers. Former smokers have halt the excess risk of
dying from this condition relative to current smokers. :

About 20 milhon Americans currently have. or have had. an ulcer of the stomach or
duodenum. Smokers have an increased risk of developing gastric or duodenal ulcers.
and this increased risk is reduced by quitting smoking.

Benefits at All Ages

According to a 1989 Gallup survey. the proportion of smokers who say they would
like to give up smoking is lower for smokers aged 50 and older (57 percent) than for
smokers aged 18-29 (68 percent) and 30-49 (67 percent). Older smokers may be less
motivated 10 quit smoking because the highly motivated may have quit already at
younger ages. leaving a relatively “hard-core™ group of older smokers. But many
long-term smokers may lack motivation to quit for other reasons. Some may believe
they are no longer at risk of smoking-related diseases because they have already
survived smoking for many years. Others may believe that any damage that may have
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been caused by smoking is irreversible after decades of smoking. For similar reasons.
many physicians may be less likely to counsel their older patients to quit.

CPS-1I data were used to estimate the effects of quitting smoking at various ages on
the cumulative risk of death during a fixed interval after cessation. The results show
that the benefits of cessation extend to quitting at older ages. For example. a healthy
man aged 60-64 who smokes 1 pack of cigarettes or more per day reduces his risk of
dying during the next 1S years by 10 percent if he quits smoking.

These findings support the recommendations of the Surgeon General's 19388
Workshop on Health Promotion and Aging for the development and dissemination of
smoking cessation messages and interventions to older persons. | am pleased that a
coalition of organizations and agencies is now working toward unplementation of those
recommendations, including the Centers for Disease Controli the National Cancer
Institute: the National Heart, Lung. and Blood Institute: the Administration on Aging:
the Department of Veterans Affairs: the Office of Disease Prevention and Health
Promotion: the American Association of Retired Persons: and the Fox Chase Cancer
Center. The major message of this campaign will be that it is never too late to quit
smoking.

Two facts point to the urgent need for a strong smoking cessation campaign targeting
older Americans: (1) 7 million smokers are aged 60 or older: and (2) smoking is amajor
risk factor for 6 of the 14 leading causes of death among those aged 60 and older. and
is a complicating factor for 3 others.

Benefits for Smokers with Existing Disease

Many smokers who have already developed smoking-related disease or symptoms
may be less motivated to quit because of a belief that the damage is already done. For
the same reason, physicians may be less motivated to advise these patients to quit.
However, the evidence reviewed in this Report shows that smoking cessation vields
important health benefits to those who already suffer from smoking-refated illness.

Among persons with diagnosed CHD, smoking cessation markedly reduces the risk
of recurrent heart attack and cardiovascular death. In many studies. this reduction in
risk has been 50 percent or more. Smoking cessation is the most important intervention
in the management of peripheral artery occlusive disease: for patients with this condi-
tion, quitting smoking improves exercise tolerance, reduces the risk of amputation after
peripheral artery surgery. and increases overall survival. Patients with gastric and
duodenal ulcers who stop smoking improve their clinical course relative to smokers
who continue to smoke. Although the benefits of smoking cessation among siroke
patients have not been studied. it 1s reasonable to assume that quitting smoking reduces
the risk of recurrent stroke just as it reduces the risk of recurrence of other cardiovascular
events.

Even smokers who have already developed cancer may benefit from smoking
cessation. A few studies have shown that persons who stopped smoking after diagnosis
of cancer had a reduced risk of acquiring a second primary cancer compared with
persons who continued to smoke. Although relevant data are sparse. longer survival
might be expected among smokers with cancer or other serious illnesses it they stop
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smoking. Smoking cessation reduces the risk of respiratory infections such as
pneumonia. which are often the immediate causes of death in patients with an under-
lying chronic disease.

The important role of health care providers in counseling patients to quit smoking is
well recognized. Health care providers should give smoking cessation advice and
assistance to all patients who smoke. including those with existing illness.

Benefits for the Fetus

Maternal smoking is associated with several complications of pregnancy including
abruptio placentae. placenta previa, bleeding during pregnancy. premature and
prolonged rupture of the membranes. and preterm delivery. Maternal smoking retards
fetal growth. causes an average reduction in birthweight of 200 g. and doubles the risk
of having a low birthweight baby. Studies have shown a 25- to 50-percent higher rate
of fetal and infant deaths among women who smoke during pregnancy compared with
those who do not.

Women who stop smoking before becoming pregnant have infants of the same
birthweight as those born to women who have never smoked. The same benefit accrues
to women who quit smoking in the first 3 to 4 months of pregnancy and who remain
abstinent throughout the remainder of pregnancy. Women who quit smoking at later
stages of pregnancy, up to the 30th week of gestation. have infants with higher
birthweight than do women who smoke throughout pregnancy.

Smoking is probably the most important modifiable cause of poor pregnancy cutcome
among women in the United States. Recent estimates suggest that the elimination of
smoking during pregnancy could prevent about 3 percent of perinatal deaths. about 20
percent of low birthweight births, and about 8 percent of preterm deliveries in the United
States. In groups with a high prevalence of smoking (e.g.. women who have not
completed high school). the elimination of smoking during pregnancy could prevent
about 10 percent of perinatal deaths. about 35 percent of low birthweight births. and
about 15 percent of preterm deliveries.

The prevalence of smoking during pregnancy has declined over time but remains
unacceptably high.  Approximately 30 percent of U.S. women who are cigarette
smokers quit after recognition of pregnancy. and others quit later in pregnancy.
However, about 25 percent ot pregnant women in the United States smoke throughout
pregnancy. A shocking statistic is that halt of pregnant women who have not completed
high school smoke throughout pregnancy. Many women who do not quit smoking
during pregnancy reduce their daily cigarette consumption: however. reduced con-
sumption without quitting may have little or no benefit for birthweight. Of the women
who quit smoking during pregnancy. 70 percent resume smoking within | year of
delivery.

Initiatives have been launched in the public and private sectors to reduce smoking
during pregnancy. These programs should be expanded. and less educated pregnant
women should be a special target of these efforts. Strategies need to be developed o
address the problem ot relapse after delivery.
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Benefits for Infants and Children

As a pediatrician. T am particularly concerned about the effects of parental smoking
on infants and children. Evidence reviewed in the 1986 Surgeon General's Report, The
Health Consequences of Iinvoluntary Smoking. indicates that the children of parents
who smoke, compared with the children of nonsmoking parents. have an increased
frequency of respiratory infections such as pneumonia and bronchitis. Many studies
have found a dose—response relationship between respiratory iliness in children and
their level of tobacco smoke exposure.

Several studies have shown that children exposed to tobacco smoke in the home are
more likely to develop acute otitis media and persistent middle ear effusions. Middle
eur disease imposes a substantial burden on the health care system. Otitis media Is the
most frequent diagnosis made by physicians who care for children. The myringotomy-
and-tube procedure, used to treat otitis media in more than 1 million American children
each year, is the most common minor surgical operation performed under general
anesthesia.

The impact of smoking cessation during or after pregnancy on these associations has
not been studied. However. the dose~response relationship between parental smoking
and frequency of childhood respiratory infections suggests that smoking cessation
during pregnancy and abstinence after delivery would eliminate most or all of the excess
risk by eliminating most or all of the exposure.

If parents are unwilling to quit smoking for their own sake. I would urge them to quit
for the sake of their children. Passive-smoking-induced infections in infants and young
children can cause serious and even fatal illness. Moreover. children whose parents
smoke are much more likely to become smokers themselves.

Smoking Cessation and Weight Gain

The fear of postcessation weight gain may discourage many smokers from trying to
quit. The fear or occurrence of weight gain may precipitate relapse among many of
those who already have quit. Inthe 1936 Adult Use of Tobacco Survey. current smokers
who had tried to quit were asked to judge the importance of several possible reasons
tor their return to smoking. Twenty-seven percent reported that “actual weight gain™
was a “very important” or “somewhat important” reason why they resumed smoking:
22 percent said that “the possibility of gaining weight™ was an important reason for
their relapse. Forty-seven percent of current smokers and 48 percent of former smokers
agreed with the statement that “*smoking helps control weight.”

Fifteen studies involving a total of 20,000 persons were reviewed in this Report to
determine the likelihood of gaining weight and the average weight gain after quitting.
Although four-fifths of smokers who quit gained weight after cessation. the average
weight gain was only 5 pounds (2.3 kg). The average weight gain among subjects who
continued to smoke was | pound. Thus, smoking cessation produces a 4-pound greater
weight gain than that associated with continued smoking. This weight gain poses a
minimal health risk. Moreover, evidence suggests that this small weight gain is
accompanied by favorable changes in lipid profiles and in body fat distribution.



Smoking cessation programs and messages should emphasize that weight gain after
quitting is small on average.

Not only is the average postcessation weight gain small. but the risk of large weight
gain after quitting is extremely low. Less than 4 percent of those who quit smoking
gain more than 20 pounds. Nevertheless. special advice and assistance should be
available 10 the rare person who does gain considerable weight after quitting. For these
individuals, the health benefits of cessation still occur, and weight control programs
rather than smoking relapse should be implemented.

Increases in food intake and decreases in resting energy expenditure are largely
responsible for postcessation weight gain. Thus. dietary advice and exercise should be
helpful in preventing or reducing postcessation weight gain. Unfortunately. minor
weight control modifications to smoking cessation programs do not generally yield
beneficial effects in terms of reducing weight gain or increasing cessation rates. A few
studies have investigated pharmacologic approaches to postcessation weight control:
preliminary results are encouraging but more research is needed. High priority should
be given to the development and evaluation of etfective weight control programs that
can be targeted in a cost-eftective manner to those at greatest need of assistance.

Psychological and Behavioral Consequences of Smoking Cessation

Nicotine withdrawal symptoms include anxiety. irritability, frustration, anger. dif-
ficulty concentrating. increased appetite. and urges to smoke. With the possible
exception of urges to smoke and increased appetite. these effects soon disappear.
Nicotine withdrawal peaks in the first | to 2 days following cessation and subsides
rapidly during the following weeks. With long-term abstinence. former smokers are
likely to enjoy favorable psychological changes such as enhanced self-esteem and
increased sense of self-control.

Although most nicotine withdrawal symptoms are short-lived. they often exert a
strong influence on smokers’™ ability to quit and maintain abstinence. Nicotine
withdrawal may discourage many smokers from trying to quit and may precipitate
relapse among those who have recently quit. Inthe 1986 Adult Use of Tobacco Survey.
39 percent of current smokers reported that irritability was a “very important”™ or
“somewhat important” reason why they resumed smoking after a previous quit attempt.

Smokers and ex-smokers should be counseled that adverse psychological effects of
smoking subside rapidly over time. Smoking cessation materials and programs.
nicotine replacement. exercise. stress management. and dietary counseling can help
smokers cope with these svmptoms until they abate. ufter which favorable psychologi-
cal changes are likely to occur.

Support for a Causal Association Between Smoking and Disease

Tens of thousands of studies have documented the associations between cigarette
smoking and a large number of serious diseases. Itis safe to say that smoking represents
the most extensively documented cause of disease ever investigated in the history of
biomedical research.



Previous Surgeon General's reports, in particular the landmark 1964 Report of the
Surgeon General's Advisory Committee on Smoking and Health and the 1982 Surgeon
General’s Report on smoking and cancer, examined these associations with respect to
the epidemiologic criteria for causality. These criteria include the consistency. strength.
specificity. coherence, and temporal relationship of the association. Based on these
criteria. previous reports have recognized a causal association between smoking and
cancers of the lung. larynx, esophagus. and oral cavity: heart disease: stroke: peripheral
artery occlusive disease: chronic obstructive pulmonary disease: and intrauterine
growth retardation. This Surgeon General’s Report is the first to conclude that the
evidence is now sufficient to identify cigarette smoking as a cause of cancer of the
urinary bladder: the 1982 Report concluded that cigurette smoking is a contributing
factor in the development of bladder cancer.

The causal nature of most of these associations was well established long before
publication of this Report. Nevertheless. it is worth noting that the findings of this
Report add even more weight to the evidence that these associations are causal. The
criterion of coherence requires that descriptive epidemiologic findings on disease
occurrence correlate with measures of exposure to the suspected agent. Coherence
would predict that the increased risk of disease associated with an exposure would
diminish or disappear after cessation of exposure. As this Report shows in great detail.
the risks of most smoking-related diseases decrease after cessation and with increasing
duration of abstinence.

Evidence on the risk of disease after smoking cessation is especially important for
the understanding of smoking-and-disease associations of unclear causality. For ex-
ample, cigarette smoking is associated with cancer of the uterine cervix. but this
association is potentially confounded by unidentified factors (in particular by a sexually
transmitted etiologic agent). The evidence reviewed in this Report indicates that former
smokers experience a lower risk of cervical cancer than current smokers, even after
adjusting for the social correlates of smoking and risk of sexually acquired infections,
This diminution of risk after smoking cessation supports the hypothesis that smoking
is a contributing cause of cervical cancer.

Conclusion

The Comprehensive Smoking Education Act of 1984 (Public Law 98-474) requires
the rotation of four health warnings on cigarette packages and advertisements. One of
those warnings reads, “SURGEON GENERAL'S WARNING: Quitting Smoking
Now Greatly Reduces Serious Risks to Your Health.” The evidence reviewed in this
Report confirms and expands that advice.

The health benefits of quitting smoking are immediate and substantial. They far
exceed any risks from the average 5-pound weight gain or any adverse psychological
effects that may follow quitting. The benefits extend to men and women, to the young
and the old. to those who are sick and to those who are well. Smoking cessation
represents the single most important step that smokers can take to enhance the length
and quality of their lives.
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Public opinion polls tell us that most smokers want to quit. This Report provides
smokers with new and more powerful motivation to give up this self-destructive
behavior.

Antonia C. Novello. M.D.. M.P.H.
Surgeon General
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INTRODUCTION

The 1964 Report of the Surgeon General's Advisory Committee on Smoking and
Health (US PHS 1964) concluded that cigarette smoking is a cause of lung cancer and
laryngeal cancer in men, a probable cause of lung cancer in women, and the most
important cause of chronic bronchitis. Other diseases, including emphysema and
cardiovascular disease, also were found to be associated with cigarette smoking,
although the evidence available at that time was not viewed as sufficient to establish
the associations as causal. Even in 1964, however, the evidence for adverse health
consequences of cigarette smoking was sufficient for the Committee to conclude that
“cigarette smoking is a health hazard of sufficient importance in the United States to
warrant appropriate remedial action™ (US PHS 1964, p. 33).

Subsequent reports of the Surgeon General on smoking and health expanded and
strengthened the conclusions of the 1964 Report on active smoking and documented
the benefits of smoking cessation. (See US DHHS 1989 for review.) For some
diseases, such as cardiovascular disease, newerevidence warranted a determination that
associations with cigarette smoking were causal. Further associations of cigarette
smoking with disease were identified. and involuntary (passive) smoking was found to
be a cause of disease in nonsmokers (US DHHS 1986). Although cigarette smoking
has been investigated intensively since the 1950s. new associations of smoking with
adverse effects continue to be identified. For example. in a recent study smoking was
associated with cataracts (West et al. 1989).

Evidence substantiates cigarette smoking as a cause of disease in smokers and,
through involuntary smoking, in never smokers as well. This evidence has motivated
the implementation of diverse and far-reaching programs for smoking prevention and
cessation, The proportion of U.S. adults who smoke decreased substantially since the
1964 Report. In 1965, 29.6 percent of persons who had ever smoked had quit; by 1987,
this percentage had increased to 44.8, representing more than 38 million adults. As the
numbers of formerly smoking adults increased in the United States and other countries
(US DHHS 1989), epidemiologic and clinical studies provided increasingly extensive
information on the health benefits of smoking cessation. Thus, the 1964 Report noted
that former smokers had lower overall mortality rates and lower lung cancer risk than
current smokers, but the cited evidence was limited. Scientific data are now available
on the consequences of cessation for most smoking-related diseases. Major benefits
have been shown for overall mortality and for many specific diseases. Although past
reports have considered much of the evidence, these data have not received a com-
prehensive and unified review. This Report systematically reviews the findings on the
health benefits and consequences of cessation.

This Report includes a Foreword by the Assistant Secretary for Health and the
Director of the Centers for Disease Control, a Preface by the Surgeon General of the
U.S. Public Health Service, and the following chapters:

Chapter 1. Introduction, Overview, and Conclusions

Chapter 2. Assessing Smoking Cessation and Its Health Consequences



Chapter 3. Smoking Cessation and Overall Mortality and Morbidity
Chapter 4. Smoking Cessation and Respiratory Cancers

Chapter 5. Smoking Cessation and Nonrespiratory Cancers

Chapter 6. Smoking Cessation and Cardiovascular Disease

Chapter 7. Smoking Cessation and Nonmalignant Respiratory Diseases
Chapter 8. Smoking Cessation and Reproduction

Chapter 9. Smoking, Smoking Cessation, and Other Nonmalignant Diseases
Chapter 10. Smoking Cessation and Body Weight Change

Chapter 11. Psychological and Behavioral Consequences and Correlates of
Smoking Cessation

Volume Appendix. National Trends in Smoking Cessation

A key to acronyms and terms used throughout the Report is found at the end of the
volume.

Other publications of the Public Health Service have reviewed determinants of
smoking cessation and abstinence (US DHEW 1979: US DHHS 1980. 1988, and
methods of smoking cessation and relapse prevention (Schwartz 1987. US DHHS
1988); hence, these topics are not covered in this Report.

Beginning with the 1964 Report, the evidence on active smoking and disease has
been reviewed for causality to evaluate the associations ot smoking with disease. The
explicit criteria used in this evaluation include the consistency. strength, specificity,
temporal relationship, and coherence of the association (US PHS 1964: US DHHS
1989). These criteria have provided a consistent and etfective framework for examin-
ing the epidemiologic. clinical, and experimental data on active smoking. Although
the criteria cannot be applied in the same fashion to associations of smoking cessation
with changes in disease occurrence. the criteria of consistency. an appropriate temporal
relationship. and coherence must be maintained with evidence on smoking cessation
and health.

Thus, this Report examines data for consistency among investigations of the associa-
tions of cessation with disease occurrence and other outcomes. and considers the
biologic plausibility of the known or presumed associations in the context of the
mechanisms by which cigarette smoking is known or thought to cause disease. The
appropriate time sequence of cessation with its effect is evident: cessation must always
precede its presumed effect. In an observational study. this sequence may be reversed
by the tendency of persons with initial symptoms of a cigarette-related disease or with
frank disease to reduce cigarette consumption or to stop smoking (Chapter 2). The
findings of longitudinal studies among former smokers document high mortality rates
among short-term former smokers, which is consistent with reversal of the causal



sequence of cessation followed by reduced disease occurrence: that is. disease has
caused a change in exposure (Rogot and Murray 1980).

Cigarette smoke in its gaseous and particulate phases contains thousands of agents.
many of which can damage tissues and cause disease (US DHEW 1979: US DHHS
1986, 1989). The pathogenetic mechanisms by which cigarette smoking causes disease
are diverse. ranging from longer term processes. such as carcinogenesis. to shorter term
processes. such as interference with tissue oxygenation by carbon monoxide. Thus, the
biologic context in which the evidence on cessation is considered must be disease-
specific: a unified biologic framework for evaluating the evidence on cessition cannot
be offered.

Forexample. cigarette smoking causes emphysema. an irreversible destruction of the
gas-exchanging structure of the lung. and permanent oronly partially reversible damage
to the airways of the lung. Little improvement of fung function after cessation would
be anticipated for a long-term smoker with disabling chronic obstructive pulmonary
disease (COPD) and extensive irreversible damage to the lung. However. cessation
would benefit a smoker who has less extensive damage by slowing the rate of lung
function decline and thereby reducing the likelihood of clinically significant impair-
ment. By contrast with COPD. smoking cessation tollowing myocardial infarction has
both relatively immediate and longer term benetfits. The immediately decreased risk
of death in those who stop smoking in comparison with those who continue to smoke
may reflect a decrease of blood coagulability. improved tissue oxygenation. and less
predisposttion to cardiac arrhythmias after cessation.

The findings of studies on the health consequences of smoking cessation also provide
evidence relevant to determining the causality of associations of active smoking with
disease. A decline in disease incidence after cessation needs to be considered as a
positive indication of such a causal association. However. the pattern of changing risk
after cessation must be interpreted in the context of the mechanism of disease causation
by active smoking.

In interpreting individual studies on the consequences of smoking cessation. difficult
methodologic and conceptual issues must be considered. Chapter 2 addresses these
issues in depth. Because smoking cessation is a dynamic process, often involving
multiple relapses to active smoking. accurate characterization of the former smoker is
difficult and best accomplished by longitudinal observation. Misclassification of
cigarette smoking status may lead to biased estimates of the consequences of smoking
cessation. In observational studies and trials some subjects may report that they are
former smokers, even though they continue to smoke: the resulting misclassification
tends to result in underestimation of the benefits of cessation. Unraveling the conse-
quences of smoking cessation from the effects of other factors determining the occur-
rence of disease poses a substantial analytical challenge. In reviewing individual
reports on the consequences of smoking cessation, the approaches to these potential
methodologic issues were assessed (Chapter 2).



MAJOR CONCLUSIONS

More than 38 million Americans have quit smoking, and almost half of all living
adults in the United States who ever smoked have quit (Volume Appendix). Neverthe-
less. more than 50 million Americans continue to smoke. This Report reviews in detail
the health consequences of smoking cessation for those who have quit and for those
who will quit in the future. The following major volume conclusions summarize the
health consequences of smoking cessation for those who quit smoking in comparison
with those who continue to smoke:

1. Smoking cessation has major and immediate health benefits for men and
women of all ages. Benefits apply to persons with and without smoking-
related disease.

2. Former smokers live longer than continuing smokers. For example, persons
who quit smoking before age 50 have one-half the risk of dying in the next
15 years compared with continuing smokers.

3. Smoking cessation decreases the risk of lung cancer, other cancers, heart
attack, stroke, and chronic lung disease.

4. Women who stop smoking before pregnancy or during the first 3 to 4
months of pregnancy reduce their risk of having a low birthweight baby to
that of women who never smoked.

5. The health benefits of smoking cessation far exceed any risks from the
average 5-pound (2.3-kg) weight gain or any adverse psychological effects
that may follow quitting.

DEVELOPMENT OF THE REPORT

This Report was developed by the Office on Smoking and Health (OSH). Center for
Chronic Disease Prevention and Health Promotion. Centers for Disease Control, Public
Health Service of the U.S. Department of Health and Human Services, as part of the
Department’s responsibility under Public Law 91-222 to report new and current
information on smoking and health to the U.S. Congress.

The scientific content of this Report was produced through the efforts of more than
120 scientists in the fields of medicine. psychology. the biologic and social sciences,
and public health. Manuscripts for the Report. constituting drafts of chapters or sections
of chapters, were prepared by 26 scientists selected for their expertise in specific content
areas. An editorial team, including the Director of OSH. a medical psychologist with
the Uniformed Services University of the Health Sciences. and four non-Federal
experts, edited and consolidated the individual manuscripts into chapters. These draft
chapters were subjected to an intensive outside peer review. with each chapter reviewed
by an average of five individuals knowledgeable about the chapter’s subject matier.
Incorporating the reviewers™ comments. the editors revised the chapters and assembled
a draft of the complete Report. The draft Report was then submitted to 25 distinguished



scientists for their review and comment on the entirety of its contents. Simultaneously.
o inch o

the draft Renart was cubmitt
as supmitt
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s and agencies within the U.S. Public
m $ and agencies within th e U.D>. Fublic

Health Service for review. Comments from the senior scientific reviewers and the
agencies were then used to prepare the final draft of the Report. which was then
reviewed by the Office of the Assistant Secretary for Health and the Secretary,
Department of Health and Human Services.
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CHAPTER CONCLUSIONS

Chapter 2: Assessing Smoking Cessation and Its Health Consequences

. Most former smokers have cycled several times through the process of smoking

cessation and relapse before attaining long-term abstinence. Any static measure of
smoking status is thus a simplification of a dynamic process.

. In studies of the health effects of smoking cessation. persons classified as former

smokers may include some current smokers. Consequently, the health benefits of
smoking cessation are likely to be underestimated.

. In contexts other than intervention trials, self-reported smoking status at the time of

measurement and concurrent biochemical assessment are highly concordant. This
high concordance supports self-report as a valid measure of smoking status in
observational studies of the health effects of smoking cessation.

Chapter 3: Smoking Cessation and Overall Mortality and Morbidity

. Former smokers live longer than continuing smokers, and the benefits of quitting

extend to those who quit at older ages. For example, persons who quit smoking
before age 50 have one-half the risk of dying in the next 15 years compared with
continuing smokers.

Smoking cessation at all ages reduces the risk of premature death.

Among former smokers, the decline in risk of death compared with continuing
smokers begins shortly after quitting and continues for at least 10 to 15 years. After
10 to 15 years of abstinence, risk of all-cause mortality returns nearly to that of
persons who never smoked.

. Former smokers have better health status than current smokers as measured in a

variety of ways, including days of illness. number of health complaints, and
self-reported health status.
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Chapter 4: Smoking Cessation and Respiratory Cancers

. Smoking cessation reduces the risk of lung cancer compared with continued smok-

ing. For example. after 10 years of abstinence, the risk of lung cancer is about 30
to 50 percent of the risk in continuing smokers: with further abstinence. the risk
continues to decline.

. The reduced risk of lung cancer among former smokers 1s observed in males and

females, in smokers of filter and nonfilter cigarettes. and for all histologic types of
lung cancer.

Smoking cessation lowers the risk of laryngeal cancer compared with continued
smoking.

Smoking cessation reduces the severity and extent of premalignant histologic
changes in the epithelium of the larynx and lung.

Chapter 5: Smoking Cessation and Nonrespiratory Cancers

. Smoking cessation halves the risks for cancers of the oral cavity and esophagus.

compared with continued smoking. as soon as 5 years after cessation. with further
reduction over a longer period of abstinence.

. Smoking cessation reduces the risk of pancreatic cancer. compared with continued

smoking. although this reduction in risk may only be measurable after 10 years of
abstinence.

. Smoking is a cause of bladder cancer: cessation reduces risk by about 50 percent

after only a few vears. in comparison with continued smoking.

. The risk of cervical cancer is substantially lower among former smokers in com-

parison with continuing smokers. even in the first few years after cessation. This
finding supports the hypothesis that cigarette smoking is a contributing cause of
cervical cancer.

. Neither smoking nor smoking cessation are associated with the risk of cancer of the

breast.

Chapter 6: Smoking Cessation and Cardiovascular Disease

. Compared with continued smoking. smoking cessation substantially reduces risk of

coronary heart disease (CHD) among men and women of all ages.
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. The excess risk of CHD caused by smoking is reduced by about half after 1 year of

smoking abstinence and then declines gradually. After 15 years of abstinence, the
risk of CHD 1s similar to that of persons who have never smoked.

. Among persons with diagnosed CHD. smoking cessation markedly reduces the risk

of recurrent infarction and cardiovascular death. In many studies. this reduction in
risk of recurrence or premature death has been 50 percent or more.

. Smoking cessation substantially reduces the risk of peripheral artery occlusive

disease compared with continued smoking.

. Among patients with peripheral artery disease. smoking cessation improves exercise

tolerance, reduces the risk of amputation after peripheral artery surgery. and
increases overall survival.

. Smoking cessation reduces the risk of both ischemic stroke and subarachnoid

hemorrhage compared with continued smoking. After smoking cessation, the risk
of stroke returns to the level of never smokers; in some studies this has occurred
within 5 years, but in others as long as 15 years of abstinence were required.

Chapter 7: Smoking Cessation and Nonmalignant Respiratory Diseases

. Smoking cessation reduces rates of respiratory symptoms such as cough, sputum

production, and wheezing, and respiratory infections such as bronchitis and
pneumonia, compared with continued smoking.

. For persons without overt chronic obstructive pulmonary disease (COPD). smoking

cessation improves pulmonary function about 5 percent within a few months after
cessation,

Cigarette smoking accelerates the age-related decline in lung function that occurs
among never smokers. With sustained abstinence from smoking, the rate of decline
in pulmonary function among former smokers returns to that of never smokers.

. With sustained abstinence, the COPD mortality rates among former smokers decline

in comparison with continuing smokers.

Chapter 8: Smoking Cessation and Reproduction

. Women who stop smoking before becoming pregnant have infants of the same

birthweight as those born to never smokers.

. Pregnant smokers who stop smoking at any time up to the 30th week of gestation

have infants with higher birthweight than do women who smoke throughout
pregnancy. Quitting in the first 3 to 4 months of pregnancy and abstaining

11
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throughout the remainder of pregnancy protect the fetus from the adverse effects of
smoking on birthweight.

Evidence from two intervention trials suggests that reducing daily cigarette con-
sumption without quitting has little or no benefit for birthweight.

Recent estimates of the prevalence of smoking during pregnancy, combined with an
estimate of the relative risk of low birthweight outcome in smokers, suggest that 17
to 26 percent of low birthweight births could be prevented by eliminating smoking
during pregnancy: in groups with a high prevalence of smoking (e.g.. women with
less than a high school education). 29 to 42 percent of low birthweight births might
be prevented by elimination of cigarette smoking during pregnancy.

Approximately 30 percent of women who are cigarette smokers quit after recogni-
tion of pregnancy. with greater proportions quitting among married women and
especially among women with higher levels of educational attainment.

. Smoking causes women to have natural menopause 1 to 2 years early. Former
smokers have an age at natural menopause similar to that of never smokers.

Chapter 9: Smoking, Smoking Cessation, and Other Nonmalignant Diseases

. Smokers have an increased risk of development of both duodenal and gastric ulcer.
and this increased risk is reduced by smoking cessation.

Ulcer disease is more severe among smokers than among nonsmokers. Smokers are
less likely to experience healing of duodenal ulcers and are more likely to have
recurrences of both duodenal and gastric ulcers within specified timeframes. Most
ulcer medications fail to alter these tendencies.

Smokers with gastric or duodenal ulcers who stop smoking itmprove their clinical
course relative to smokers who continue to smoke.

The evidence that smoking increases the risk of osteoporotic fractures or decreases
bone mass is inconclusive. with many conflicing findings. Data on smoking
cessation are extremely limited at present.

There is evidence that smoking is associated with prominent facial skin wrinkling
in whites. particularly in the periorbital (“crow’s foot™) and perioral areas of the
face. The eftect of cessation on skin wrinkling is unstudied.

Chapter 10: Smoking Cessation and Body Weight Change

. Average weight gain after smoking cessation is only about 5 pounds (2.3 kg). This
weight gain poses a minimal health risk.
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. Approximately 80 percent of smokers who quit gain weight after cessation. but only

about 3.5 percent of those who quit smoking gain more than 20 pounds.

. Increases in food intake and decreases in resting energy expenditure are largely

responsible for postcessation weight gain.

Chapter 11: Psychological and Behavioral Consequences and Correlates of
Smoking Cessation

. Short-term consequences of smoking cessation include anxiety. irritability. frustra-

tion, anger, difficulty concentrating, increased appetite, and urges to smoke. With
the possible exception of urges to smoke and increased appetite. these effects soon
disappear.

. Smokers who abstain from smoking show short-term impairment of performance

on a variety of simple attention tasks, which improves with nicotine administration.
Memory, learning, and the performance of more complex tasks have not been
clearly shown to be impaired. Whether the self-reported improvement in attention
tasks upon nicotine administration 1s due entirely to relief of withdrawal effects or
is also due in part to enhancement of performance above the norm is unclear.

. Incomparison with current smokers, former smokers have a greater perceived ability

to achieve and maintain smoking abstinence (self-efficacy) and a greater perceived
control over personal circumstances (locus of control).

. Former smokers, compared with current smokers. practice more health-promoting

and disease-preventing behaviors.

Volume Appendix: National Trends in Smoking Cessation

. By 1987, more than 38 million Americans had quit smoking cigarettes. nearly half

of all living adults who ever smoked.

. The percentage of ever cigarette smokers who are former cigarette smokers (quit

ratio) has increased from 29.6 percent in 1965 to 44.8 percent in 1987 at an average
rate of 0.68 percentage points per year. The quit ratio has increased among men
and women, among blacks and whites, and among all age and education subgroups.
Between 1966 and 1987, the rate of increase in the quit ratio among college
graduates was twice the rate among high school dropouts.

About one-third of all former cigarette smokers who have maintained abstinence

for at least | year may eventually relapse. As the duration of abstinence increases.
relapse becomes less likely.

13
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Quitting activity, as measured by the proportion of people smoking at 12 months
before a survey who quit for at least | day during those 12 months, has increased
slightly over time. Between 1978 and 1987 this proportion increased from 27.8 to
31.6 percent.

Female smokers were more likely than male smokers to have quit smoking cigarettes
for at least |1 day during the previous year: however, there were no gender differ-
ences in the proportion abstinent for 1 to 4 years. Men were more likely than women
to have been abstinent for 5 years or more. These findings do not take into account
the use of tobacco products other than cigarettes.

Black smokers were more likely than white smokers to have quit for at least 1 day
during the previous year. Blacks, however, were less likely than whites to have
been abstinent for 1 year or more.

Younger smokers (aged 20 to 44) were more likely than older smokers to have quit
for at least | day during the previous year.

Smokers with less education tend to be less likely to have quit for at least 1 day
during the previous year compared with those having more education. In addition,
those with lower levels of education are less likely to have been abstinent for 1 year
or more.

In 1964, about three-fourths of all current smokers predicted that they would
“definitely” or “probably” be smoking in 5 years. In 1986, fewer than half of all
current smokers felt the same way. Moreover, while more than 20 percent of current
smokers in 1964 predicted that they would “definitely” be smoking in 5 years, only
about 7 percent of current smokers in 1986 so predicted.

Current smokers in 1987 were more than three times as likely as current smokers
in 1964 to report having received advice from a doctor to stop smoking.
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CHAPTER 2
ASSESSING SMOKING CESSATION AND ITS
HEALTH CONSEQUENCES
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INTRODUCTION

Smoking cessation is a dynamic process that begins with a decision to stop smoking
and ends with abstinence from cigarettes maintained over a long period of time.
Typically. initiation of regular cigarette smoking occurs at 4 young age. usually during
the teenage years (US DHHS 1989); cessation may be contemplated and initiated at
any age. The spectrum of factors motivating cessation is diverse: some smokers quit
before being adversely affected by cigarette smoking whereas others quit as a result of
developing smoking-related disease. Most attempts to quit are temporarily successful,
and most smokers attempting to quit return several times to regular smoking before
achieving long-term abstinence.

For the purpose of health research, smoking status (i.e.. never, former. or current
smoker) can be evaluated by using an inferview or questionnaire to query subjects about
their smoking behavior. However, self-reports may not fully characterize the process
of cessation in individual smokers, particularly if information is collected retrospec-
tively or cross-sectionally. Moreover, persons who are smoking may falsely report
themselves as former or never smokers. Biochemical markers. such as cotinine and
thiocyanate (SCN7) levels in body fluids. provide complementary measures of tobacco
product use.

However, reliance solely on biochemical markers of smoking also may lead to some
misclassification. For example, intake of some foods can result in high SCN™ levels
unrelated to smoking behavior. Individuals who accurately report being quitters may
fail to participate in the validation process and therefore may be misclassified as
continuing smokers if nonparticipants in biochemical testing are assumed to be smok-
ing. Because proper classification of smoking behavior is critical for conducting
research on the health consequences of smoking cessation and for evaluating the results
of such research, it is important to consider how smoking status is assessed.

The health consequences of smoking cessation have been studied using conventional
approaches of epidemiologic and clinical research: ecologic study. cross-sectional
study or survey, case—control study, cohort study, and intervention trial. Each design
has well-described advantages for studying causes of disease and preventive factors
among human populations (Kleinbaum, Kupper, Morgenstern 1982). In addition, each
design type is subject to the three types of bias potentially affecting any epidemiologic
study: selection bias, information bias, and confounding bias (Rothman 1986) (Chapter
2, Part II). Misclassification resulting from information bias is of particular concem in
studies of smoking cessation: misclassification is addressed in detail in this Chapter.

These conventional research designs have been used successfully to characterize the
adverse effects of active cigarette smoking and to amass the scientific information on
smoking cessation reviewed in this Report. For example, the evidence on smoking
cessation and mortality derives from cohort studies (Chapter 3); evidence on cancer
comes largely from case—control and cohort studies (Chapters 4 and 5); and information
on respiratory morbidity and mortality is based primarily on cross-sectional and cohort
studies (Chapter 7).

This Chapter establishes a methodologic framework for interpreting the evidence on
smoking cessation obtained from observation studies and intervention tnals. Part |



describes the process of smoking cessation and the methods used to assess smoking
behavior. Part Il reviews research methods used to study smoking cessation as well as
the potential Iimitations of data obtained from observational studies and intervention
trials including biases that may affect the results.

PART I. ASSESSING THE DYNAMIC PROCESS OF SMOKING
CESSATION

This Section describes the dynamic nature of smoking behavior. the various measures
of smoking status applied in observational and intervention studies. and the effect of
these measures on classification of smoking status.

The Process of Smoking Behavior Change

Smoking behavior in U.S. populations has been changing, and three-fourths of all
smokers have attempted to quit (Volume Appendix). The proportion of aduit former
smokers in the population is now about the same as the proportion of current smokers.
These population changes have provided opportunity to describe the consequences and.
thereby, the benefits of cessation.

Progressing from smoking to former smoking is a complex, dynamic process and not
a one-time event. Retrospective, cross-sectional. and longitudinal studies of how
people quit smoking on their own have demonstrated that smokers move through a
series of stages in their cessation efforts (DiClemente and Prochaska 1982: Lichtenstein
and Brown 1980: Prochaska and DiClemente 1983: Prochaska et al. {985: Rosen and
Shipley 1983). These stages have been labeled motivation and commitment. initial
change, and maintenance by Brownell and coworkers (1986); contemplating change.
decidingt change, short-term change. and long-term change by Hom (1976): motivation
and commitment. cessation and possible relapse. and maintenance by Marlatt and
Gordon (1985); precontemplation. contemplation, action, and maintenance and/or
relapse by Prochaska and DiClemente (1983): and initial decision, initial control, and
maintenance by Rosen and Shipley (1983).

The stage model of Prochaska and DiClemente (1983: Prochaska et al.. in press) has
generated the most research and is described in more detail below (Figure 1). Pre-
contemplation is a period in which smokers are not thinking about quitting smoking,
or at least not about quitting within the next 6 months. The basis for the 6-month
timeframe is the assumption that 6 months into the future is as far as most people plan
a specific behavior change. Contemplation is the period in which smokers seriously
consider quitting smoking within the next 6 months. Action is the period that begins
when actual cessation occurs and continues for 6 months after stopping smoking.
Maintenance is defined as the period beginning 6 months after cessation occurrence.
In all of the proposed stage models. differentiation is made between short-term
(generally up to 6 months) and long-term (generally 6 months and longer) change or
between initial cessation and maintenance of cessation. Maintenance continues until
relapse to regular smoking. or until a return to regular smoking is of minimalor no
concern and “termination” of the behavior occurs for the confirmed ex-smoker.
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FIGURE 1.—Cyclical model of the stages of change

SOURCE: Prochaska et al. (in press).

On any single cessation attempt (action stage), the majority of smokers relapse and
return to regular smoking. A National Heart. Lung. and Blood Institute consensus
conference defined relapse as at least one putt per day for 7 days and recommended
that this definition be applied uniformly (Shumaker and Grunberg 1986): however. this
definition is not used in all studies. Any return to smoking that is less than the criterion
for relapse is considered a “lapse™ or a “slip.” which may or may not cause a return 1o
regular smoking (Brownell et al. 1986: Marlatt, Curry. Gordon. 1988}

Although 75 to 80 percent of relapse occurs at 6 months and before (Hunt. Barnett.
Branch 1971: Hunt and Bespalec 1973: Hughes et al. 1981: Garvey. Heinold. Rosner
1989). individuals who maintain abstinence for 6 months continue 10 relapse by 12
months and beyond. For example, in a review ot 10 studies in which minimal or no
intervention occurred (i.e.. self-change studies). relapse rates at 12 months for smokers
who had previously maintained abstinence for at least 6 months ranged trom 7 10 33
percent (Cohen et al. 1989). Data from the Natonal Health and Nutrition Examination



Survey I (NHANES-I) Epidemiologic Followup Study demonstrate that even after |
year of prolonged abstinence. relapse continues to occur in about one-third of former
smokers. Relapse continues to occur at a much lower rate atter 2 years (Volume
Appendix). In the Multiple Risk Factor Intervention Trial (MRFIT). a multifactor
intensive intervention study. Ockene and cotleagues (1982) found that among smokers
who had stopped with the aid of intensive intervention. relapse continued to occur
throughout the 6 years of followup. However. relapse was at a much higher rate in the
first year than in years two through six. Kirscht and colleagues (1987) reported that 9.5
percent of adults who had been abstinent for 24 to | 19 monthsreported smoking again
in a followup survey. Even after 120 months. 2.3 percent of former smokers reported
smoking again.

Research would be simplified it the probability of remuining a former smoker were
100 percent after a prolonged period of abstinence. It this were the case. then there
would be no concern about future misclassitication of these confirmed former smokers.
However, the continuous nature of the relapse process and the curves that represent this
process indicate that the probability of maintained cessation will never be 100 percent.
The available data (Garvey. Heinold. Rosner 1989: Ockene et al. 1982: Cohen et al.
1989; Volume Appendix) suggest that for most research purposes. 24 months of
continuous abstinence can be used as a practical eriterion for categorizing individuals
as confirmed former smokers. However, use of this timeframe is often not feasible or
applicable in many research studies, and as a general guideline for interpreting out-
comes—the longer the duration of continuous abstinence. the greater the probability
that individuals will remain former smokers.

Cessation is a cyclical, not linear, process: smokers can enter or leave the process at
any point (Prochaska and DiClemente 1983: Prochaska et al.. in press) (Figure 1).
Research on self-change approaches to smoking cessation suggests that the average
smoker cycles three to four times through the stages before attaining long-term
continuous abstinence and becoming a confirmed former smoker (Prochaska and
DiClemente 1984, 1986: Marlatt. Curry, Gordon 1988; Schachter 1982). In a review
of self-change studies. Cohen and colleagues (1989) found that only 4.3 percent of the
participants in the reviewed studies shifted immediately from current smokers to former
smokers without experiencing any lapses or relapses. Most smokers who relapse return
to a point where they think about stopping again, that is, the contemplation stage. A
smaller proportion lose their motivation to change and regress back 1o the pre-
contemplation stage (Prochaska and DiClemente 1984).

In summary, because of the dynamic nature of change in smoking behavior. any
categorization of smoking status at a single point in time becomes a simplification. A
group of tormer smokers will include individuals who have stopped recently or who
have been abstinent for varying lengths of time: some will maintain abstinence. and
some will relapse. Knowledge of the dynamics of smoking cessation and its usual time
course can help investigators minimize misclassification by choosing the most ap-
propriate methods for assessing smoking behavior and the appropriate sampling pro-
cedures (e.g.. number of measurements made and time between repeated measures of
smoking status).



Behavioral Measures

Self-Report: Questionnaires and Interviews

For health research purposes, smoking status is usually assessed by using self-
administered questionnaires or interviews. However, other behavioral methods. sur-
rogate assessments, and nonbehavioral methods such as biochemical assessments are
also used as sources of smoking data. These other sources will be reviewed in
subsequent sections. (See also reviews by Pechacek, Fox et al. 1984 and Marsh et al.
1988.)

Questionnaires and interviews may include information concerning smoking at the
time of the assessment or concerning a complete or partial retrospective litetime history.
Assessment can be made once or serially over time, thus providing more valid data
regarding cessation and possible relapse. Information gathered from an interview or
questionnaire about smoking categorizes respondents as never. current, or former
smokers. Two standard items used in the National Health Interview Survey (Volume
Appendix) to classify smoking status are “Have you smoked at least 100 cigarettes in
your entire life?” and “Do you smoke cigarettes now?” Someone responding “yes™ to
the first question and "'no” to the second would be classified as a former smoker. Such
a broad definition for former smokers combines persons who experimented with
smoking enough to have smoked 100 cigarettes with individuals who may have smoked
during their entire adult life and quit in the week prior to being interviewed.

The commonly used item, "Have you smoked at least 100 cigarettes in your entire
life?” has an advantage of counting as never smokers those individuals who experi-
mented with I, 2, or quite a few cigarettes. Only those who have smoked at least 5
packs of cigarettes in their lifetime are counted as ever smokers. The arbitrariness of
this definition reflects the lack of accepted and standardized definitions for ever
smokers and never smokers. A definition of never smokers that requires only minimal
or no use of tobacco may result in many individuals with extremely low exposure to
cigarettes being classified as former smokers, which in general would not be biologi-
cally appropriate.

Another commonly used type of item, as in the Medical Research Council (MRC)
National Survey of Health and Development (Britten 1988), for defining ever smokers
is "Have you ever smoked as much as 1 cigarette a day for as long as 1 year?" This
item is used by the American Thoracic Society. Division of Lung Disease in its Adult
Respiratory questionnaire; however, two other choices are added— “or 20 packs of
cigarettes” or 12 ounces of tobacco™ (Ferris 1978). A comparable questions is “Have
you ever smoked at least 5 cigarettes per week. almost every week for at least | year?”
(Petitti, Friedman, Kahn 1981). These items that are used to classify ever smokers are
based on a combination of the amount of cigarettes smoked (e.g.. 365} and the duration
of smoking (e.g.. at least 6 or 12 months).

The particular question used to differentiate between ever smokers and never smokers
can directly affect categorization of individuals. For example. Petitti. Friedman. and
Kahn (1981) found that with a more specifically defined question such as "Have you
ever smoked at least S cigarettes per week almost every week forat least I vear?” which
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requires some period of “regular” smoking tor an individual to be classified as an ever
smoker. 128 of 252 individuals reported being never smokers. However. when assessed
concurrently with another questionnaire in which regufar smoking was not defined and
the respondent self-defined smoking. 7 percent tewer subjects (119 of 252) reported
being never smokers.

Thus, the use of more clearly detined questions. such as specitying 100 cigareties in
a lifetime. or 1 cigarette per day for 1 year, or 5 cigarettes per week for 1 year. will
reduce misclassification. However. some misclassification will still occur for those
individuals who smoked for relatively brief periods during their lives but cannot
accurately remember how long they smoked or accurately estimate the number of
cigarettes they smoked.

Attention also must be paid to defining current or former smokers. Some studies,
such as the Cancer Prevention Study I (CPS-I) (Hammond and Garfinkel 1969). define
current smokers as those who respond affirmatively to the question “Have you smoked
within the past year?" Other studies use smoking in the past 6 months as the guideline
for current smokers (Coultas et al. 1988). The criteria for questions identifying current
smokers can range from having smoked in the past year. to the past 6 months, to the
past week, or to an unspecified period. A few additional questions will enhance the
specificity of the definitions of current smokers and former smokers. These items. or
comparable ones. have been used in previous surveys. for example. the 1988 Baseline
Prevalence Survey for the Community Intervention Trial for Smoking Cessation.
funded by the National Cancer Institute: “At what age did you start smoking on a
regular basis?™, ~On the average. about how many cigarettes did you smoke per day
during the last 12 months you smoked?"": and for former smokers. "When did you quit
smoking cigarettes?” (recorded to exact date if possible). These items provide addi-
tional information for defining ever smokers. or stratifying by levels of exposure. and
for determining the period of abstinence.

The dynamic nature of smoking cessation highlights the importance of being aware
that any categorical definition of former smoker in relation to the health effects of
smoking cessation will include former smokers who have been abstinent for varying
periods of time. Optimally. questions on smoking history should ascertain the duration
of abstinence for former smokers. and it possible. abstinence periods should be treated
as continuous or categorized variables in an analysis, thus avoiding the problem of
treating former smokers as a single group. However, benetits of cessation are still
clearly observed in spite of the limitations ot using categorical data.

The most common minimum periods of abstinence used tor defining former smoking
status are 24 hours. 7 days. and 30 days. The National Interagency Council on Smoking
and Health (1974) recommended using a minimum of 7 days of abstinence for defining
cessation. However. because of the nature of smoking. using a short abstinence period
to define former smokers is not optimal in epidemiologic studies. The degree of
misclassification of former smokers will depend on the minimum duration of abstinence
used to define former smokers and the criterion used to consider determine relapse.

Many studies do not specify a minimum duration of ahstinence for individuals
classified as former smokers at a particular point in time. Data from such studies on
the association of smoking cessation with health and disease outcomes must be
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interpreted cautiously. For example, in the reports of the Whitehall Civil Servants
Study (Rose and Hamilton 1978; Rose et al. 1982). the criterion used to define
abstinence is not indicated. The only information provided is that the smokers reported
that “"they were then smoking no cigarettes at all” (Rose and Hamilton 1978).

Regardless of the criteria used to define abstinence. the methodology for assessing
smoking status, including questionnaire items, needs to be carefully described by
investigators. Optimally these items should enhance the process of obtaining informa-
tion regarding the duration of abstinence. making it possible to fully determine the
relationship of smoking cessation to health and disease outcomes. When reviewing
studies of the health effects f smoking, the definition of the former smoker must be
carefully assessed, and the effect of the definition on the findings must be carefully
examined.

Temporal and Frequency Issues

Studies vary according to whether smoking is assessed retrospectively or prospec-
tively and whether a single assessment or a series of assessments is used. The category
of never smokers can be assessed retrospectively. usually relying on a single assess-
ment. Requiring subjects to reconstruct more detailed smoking histories can be very
demanding. Nevertheless, simply classifying individuals as former smokers or current
smc s reveals very little about the amount of smoking exposure experienced. More
peri. .cnt questions regarding exposure include “How long have you been abstinent
from cigarettes?”; At what age did you start smoking?""; “How many cigarettes did
you smoke during different periods of your life?”; “How many times did you stop
smoking?”; and “How long did you remain abstinent during each of these occasions?”

A series of repeated assessments can result in inconsistencies such as some in-
dividuals reporting smoking at one assessment and later reporting that they never
smoked. In a followup study in England, for example, Britten (1988) found 1.296
participants aged 36 who claimed that they had never smoked. Of these. 242 (18.7
percent) previously had reported smoking less than 1 cigarette per day, and 102 (7.9
percent) previously had reported smoking at least | cigarette per day for at least | year.
Of the 102 who reported previously that they had been regular smokers, 93 percent
reported that the last time they had smoked was at least 10 years prior to the survey.

If the Britten study had used only one retrospective assessment of the subjects at age
36, 32.5 percent of the 1,296 subjects would have been classified as never smokers and
32.6 percent as former smokers. Assuming that reports at a young age were more
accurate because memory bias was less likely to occur, the serial assessment indicates
that a more accurate categorization would be 29.1 percent for never smokers and 36.5
percent for former smokers. Britten (1988) estimated that misclassification of this
magnitude, when applied to a study by Friedman and colleagues (1979). would result
in only a 5-percent increase from 2.41 to 2.53 in relative risks of death for former
smokers compared with never smokers.

Krall and colleagues (1989) found that of 87 middle-aged adults. 87 percent accurate-
ly recalled their smoking status of 20 years earlier, but only 71 percent accurately
recalled the amount that they had smoked. Furthermore. underestimation of the amount



smoked was twice as common for 20 years earlier (17 vs. 9 percent) and six times more
common for 32 years previously (37 vs. 6 percent). Persson and Norell (1989) found
that in a random sample of 9.394 individuals in Sweden. retrospective information
obtained 6 years later resulted in a strong tendency to overestimate previous cigarette
consumption among individuals who had increased their smoking (69 percent over-
estimated) and to underestimate among individuals who had decreased their smoking
{49 percent underestimated). Subjects with unchanged cigarette consumption showed
the highest levels of agreement (89 percent) between original and retrospective infor-
mation. Rather than reconstructing full smoking cessation histories that are subject to
biased reporting. many retrospective studies rely on more limited categorization such
as never, former, and current smokers.

Retrospective studies enable researchers to assess long periods of smoking abstinence
without the need to observe the subjects over a long period of time. as would be
necessary in prospective studies. Case—control studies, for example. can compare cases
with smoking-related diseases with controls with histories of being abstinent for 10 to
20 years: in a prospective study. it may be impractical or impossible to study health
consequences of cessation with more than 10 to 20 years of abstinence (Chapter 2, Part
II).

Prospective studies have the potential for more reliable and valid measures of
smoking status over time, especially when using a series of assessments, than do
retrospective studies. In intervention trials, for example, all subjects enter the trial as
current smokers. Following intensive intervention. subjects are identified as continuing
smokers or former smokers (abstinent). By assessing subjects at specified intervals
such as every 4 or 6 months over a series of vears. especially when paired with
biochemical verification (Chapter 2. see section on Biochemical Markers). researchers
can reduce the measurement bias and be more confident in the reliability and validity
of measures classifying continuing and former smokers and specifying length of
abstinence for former smokers. In MRFIT (Ockene et al. 1990) for example, a series
of 4-month followups over 6 years enabled researchers to classify participants into three
categories: persistent quitters (continuous abstainers since the initial intervention).
intermittent quitters (abstinent for periods of time since the initial intervention). and
continuous smokers (not abstinent during any of the followup periods). Such precision
in measurement is generally not possible or necessary in epidemiologic studies.

Prospective studies may use a single assessment to categorize current, former. and
never smokers. These studies then prospectively examine the categories to detect
differential rates of morbidity and mortality. Axs discussed above. the assumption that
individuals will not change their smoking status maybe a flaw with such single
assessments.

Improving Self-Report Measures

Ideally. assessments of smoking status need to include standardized questions to
determine smoking status. that is never. current. and former smokers. For example, to
be categorized as a never smoker. the necessary response would be “no™ to a standard
question such as. "Have you ever smoked at [east 1 cigarette per day for at least 1 year?”
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Whenever possible. questions should be used that allow continuous rather than
dichotomous scales for response. A question such as Do you smoke regularly?” results
in a dichotomous response scale. This scale provides much less information than does
a continuous scale. such as the question, “On the average. how many cigarettes do you
smoke per day?” which can range from 0 to 20. 40, 60. or more. Multiple questions
such as, “Have you smoked even a puff of a cigarette in the past 7 days?™: “"How many
cigarettes do you typically smoke each day?”: and “How many cigarettes do you
typically smoke each week?™ can be used to refine a category such as current smokers.
Inclusion of other indices. such as biochemical markers of smoking (e.g.. saliva cotinine
levels), can also be used to describe smoking status.

In a followup study. measures of smoking status optimally should be repeated over
multiple occasions, especially for dynamic categories like current smokers and former
smokers. which are open to change over time. Repeated measures over a series of
occasions provide further reliability and validity for assessments and also provide
greater statistical power for detecting differences between groups. Nevertheless.
studies with only a single or a few ussessments of smoking behavior have been
extremely informative.

Alternative Behavioral Measures

As a measure of smoking, self-report by questionnaires and interviews is the most
common. the least expensive. the easiest to use. and the most feasible in epidemiologic
studies (Frederiksen, Martin, Webster 1979: Pechacek. Fox et al. 1984). However.
other behavioral measures have also been used in clinical studies. Because these
measures are generally not used in large-scale epidemiologic studies. they will be
presented only briefly in this Chapter.

Self-monitoring by the smoker. a measure of smoking commonly used in intervention
studies. involves recording by paper. pencil, and mechanical counters each cigarette as
it is smoked. The monitoring itself may be a reactive measure and alter the behavior,
depending on the nature of the monitored behavior and mottvation (Abrams and Wilson
1979: Frederiksen. Martin. Webster 1979; Lipinski et al. 1973: McFall 1978: Orleans
and Shipley 1982). Itis an intrusive measure that is normally restricted to small studies
of high intensity. Other behavioral measures, such as direct observation. collecting and
counting cigarette butts (McFall 1978), and measuring their length (Auger. Wright.
Simpson 1972), are even more costly and intrusive and less appropriate for
epidemiologic and large intervention studies.

Alternative types ot behavioral reports tor validation of smoking status include
verification by an informant (Shipley 1981). by self-report measures using multiple
questions about smoking behavior or status as part of the same interview or question-
naire (see above). and by sampling on multiple occasions. Examples of the latter
usually involve long periods of time and often result in multiple sources of dis-
crepancy. (See Lee 1988 for summary.)
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Surrogate Assessments

In some circumstances researchers may need to obtain information from sources other
than the index subjects. With some study designs, for example a case—control study of
lung cancer, some subjects are unavailable to answer questions because of illness or
death. In cohort studies. or intervention studies with mortality endpoints, surrogate
interviews are sometimes required to assess smoking during the interval preceding
death.

Failure to obtain surrogate reports can cause considerable bias in some instances. In
a case—control study of oral cancer. Greenberg and coworkers (1986) obtained inter-
views with 112 cases (67.9 percent) and surrogate reports for 23 cases (13.9 percent).
Cases needing surrogate reports had more advanced stages of disease at the time of
diagnosis and were more likely to be black and less educated than cases interviewed in
person. Cigarette smoking and drinking hard liquor were more common among these
cases. Therefore, failure to include surrogate reports would have resulted in under-
estimates of the strength of association between cigarette exposure and hard liquor and
the risk of oropharyngeal cancer.

Pickle. Brown, and Blot (1983) found that siblings of index subjects provided the
most complete data about smoking in the subject’s family of origin and early life events.
Spouses and offspring supplied the most complete data about smoking history during
adult life. Incomplete data generally increased with the amount of detail requested. so
that there were considerably higher nonresponse rates for a detailed smoking history
(approximately 50 percent) than for the history of a broad smoking status, such as never
smoker (approximately 15 percent). Surrogates beyond a spouse or close relative
provided much higher nonresponse rates for almost all questions in all statuses.

McLaughlin and colleagues (1987) examined the reliability of retrospective surrogate
reports obtained 10 years after initial reports and compared these with retrospective
self-reports using data from the NHANES-I (Cornoni-Huntley et al. 1983). Correct
identification of previous smoking status was generally provided by most types of
surrogates, except siblings of male decedents. The combined level of agreement for all
surrogates ranged from 85 to 95 percent and was remarkably similar to that from
self-reports of living subjects. Thirty-five percent of the surrogates could not provide
data on when smoking began compared with 1 percent in self-reports. Surrogates who
responded tended to provide a later age for starting. Surrogates did. however, provide
estimates of years smoked that were comparable to the original reports. In this study.,
siblings and other surrogates provided less reliable reports than spouses. offspring, or
parents of subjects.

Lerchen and Samet (1986) interviewed widows of lung cancer patients who had
supplied their own smoking histories while alive. They found that of 77 wives of current
smokers, all supplied information about the cases’ cigarette smoking status (ever/never)
that was in perfect agreement with the information supplied by the cases themselves.
Sixty-six (86 percent) were able to supply complete responses about their husbands’
smoking behavior. For those who responded, however, mean values reported by cases
and their wives were not significantly different for age at which cases started smoking.
years smoked. or average number of cigarettes smoked per day. Wives tended to report
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20 cigarettes smoked daily even when their husbands smoked substantially more or
less. Pershagen and Axelson (1982) also reported perfect agreement regarding
smoker/nonsmoker status when information was obtained from a close relative (parent.
wife, or child) for 14 lung cancer cases compared with information that had previously
been obtained from the cases by the physician. Blot, Akiba. and Kato (1984) also
interviewed next of kin in a case—control study of lung cancer among atomic bomb
survivors who had previously provided information regarding their own smoking
behavior while they were alive. The investigators found that only 1 percent of
surrogates reported that a subject had never been a smoker while the subject reported
that he or she had smoked. suggesting that the identification of never smokers by next
of kin is very accurate. There was poorer agreement regarding those who smoked. with
13 percent of surrogates indicating that a subject had smoked while the subject had
reported never smoking.

Sandler and Shore (1986) examined the quality of data provided by adult offspring
on parents’ smoking and drinking. The data were from 518 cancer cases and 518
healthy controls aged 15 to 59. When possible, mothers provided data on their own
smoking and their husbands” smoking. Of 982 subjects who had lived with their natural
mother, 97 percent provided data on their mothers™ smoking status. Of those whose
mothers reported never having smoked cigarettes, 2.7 percent were reported as ever
having smoked by the adult child. Of those mothers who reported ever having smoked.
8.8 percent were reported as never smokers. Of those fathers reported by the mother
as never smokers, 17.2 percent were reported by subjects as ever smokers. Of those
tathers reported as ever having smoked cigarettes. 21.1 percent were reported as never
smokers by their adult children. Even with the quantity of cigarettes collapsed into
categories to include answers of less than 1 pack, 1 pack, and more than | pack. the
proportion of mothers and subjects whose responses exactly agreed was 82.0 percent
for mothers and 49.2 percent for fathers.

Humble, Samet, and Skipper (1984) interviewed 46 subject—spouse pairs, with 2
people in each of 38 of these pairs acting as the subject and as a surrogate for his/her
spouse, thus producing 84 total subject—surrogate pairs. For the 30 current or previous
cigarette smokers whose spouses gave complete smoking data regarding the subjects,
the subjects reported a mean use of 17.8 cigarettes per day compared with 14.3 reported
by their spouses. The difference was not significant.

Investigations indicate that useful information on smoking can be obtained in
epidemiologic investigations that must rely on surrogate information (McLaughtin et
al. 1987). Although greater misclassification occurs when surrogate reports are used
compared with self-reports, consideration of variables such as the relationship of the
informant, length of time he or she had known the case. the topic of the questions, and
complexity of the data gathered from the informant can add to the validity of the data
(Rogot and Reid 1975).

Nonbehavioral Measures

Methods other than self-report huve been used to assess smoking status.  Some
researchers have expressed concemn that self-report when used atone can be an in-
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accurate measure that underestimates the amount of cigarettes smoked (Haley and
Hoffmann 1985: Marsh et al. 198%; Warner 1978) because subjects often underreport
levels of cigarette consumption or misrepresent themselves as former smokers (Luepker
etal. 1989 Murray and Perry 1987: Windsor and Orleans 1986; Russell 1982: Stookey
et al. 1987). Underreporting also has been linked to “digit bias.” that is, subjects tend
to report in terms of multiples of ten and underestimate actual consumption (Pechacek,
Fox et al. 1984; Vogt 1977: US DHHS 1989).

Between 1974 and 1985, estimates of U.S. cigarette consumption based on self-report
accounted for only about 70 percent of consumption estimates based on cigarettes taxed
and sold (Hatziandreu et al. 1989). This ratio has remained relatively stable. Most of
this discrepancy is likely to be due to underreporting or a “rounding down ™ to the nearest
multiple of a half-pack of daily cigarette consumption (Kozlowski 1986). although
misreporting of smoking status may play a role as well.

Validation of self-reports with measures such as biochemical assessments represents
a possible means of decreasing misclassification due to misreporting (Luepker et al.
1989; Windsor and Orleans 1986). However. some researchers note that biochemical
validation techniques present ditferent problems that also cause misclassification. thus
favoring the use of self-report (Assaf et al. 1989: Crossen, Dougher. Belew 1984;
Hansen, Malotte, Fielding 1985; Hatziandreu et al. 1989: Kornitzer et al. 1983: Petitti.
Friedman. Kahn 1981). As noted above, sensitivity and specificity of the biochemical
measures are not perfect. In addition. the procurement of biochemical measures from
a large majority of self-reported quitters is not as feasible in large-scale intervention
trials or observational studies as it is in smoking studies of a smaller scale and a more
clinical nature. Subjects in the population samples do not have the same commitment
to studies that volunteers have to clinical studies. and the former are more likely to leave
the study area. which makes validation difficult (Ockene et al. 1989). Validation also
requires more personal contact than is generally emploved in observational or large-
scale field studies, and the additional contact may not be acceptable to the subjects or
teasible in the context of the study.

The section below on physiologic measures discusses methods other than behavioral
measures that have been used to assess cigarette smoke exposure. These measures are
then contrasted with self-report. and the varying needs for biochemical measurement
among different populations are considered.

Physiologic Measures

Smoking behavior has been assessed by measuring physiologic changes that result
from smoking (Pechacek. Fox et al. 1984). Smoking and smoke exposure are reflected
in a variety of acute and chronic physiologic measures primarily because of the strong
pharmacologic effects of nicotine. These effects include changes in heart rate, blood
pressure, hand tremor, and skin temperature. Each of these measures has a wide
variability under normal conditions and is affected by many factors other than smoking.
thus limiting usefulness as a measure ot smoking (Pechacek, Fox et al. 1984).



Biochemical Markers

Cigarette smoke i1s a complex mixture of chemicals, some of which are present in the
tobacco leaf and some of which result from chemical reactions during either the curing
process or smoking (US DHEW 1979; US DHHS 1986. 1989). Three chemical
constituents of tobacco smoke, carbon monoxide (CO). hydrogen cyvanide (HCN). and
nicotine. pass through cigarette filters and are present in inhaled tobacco smoke in
concentrations high enough to be absorbed and detected in persons who smoke. These
chemicals are measurable as intact compounds or as metabolic products.

Exposure to CO can be assessed in the blood as carboxyhemoglobin (COHb) or as
CO in expired alveolar air. Methods are available tor measuring cotinine. the primary
metabolite of nicotine, and SCN™. a metabolite of HCN. in urine. blood, and saliva.
Other measures, such as skin-surface sampling for nicotine (Nanji and Lawrence 1988)
are not as well established.

Extensive reviews of the literature on the use of biochemical markers as measures of
smoking status are provided by Benowitz (1983). Haley and colleagues (1986). Lee
(1988). Pechacek, Fox. and colleagues (1984). and Windsor and Orleans (1986).
Cummings and Richard (1988) supplied a review of optimal cutofts for the biochemical
measures discussed here. This Section is not intended to provide an indepth review of
the variability and biochemical rationale for these measures and will only provide an
overview of the use of biochemical assessments for smoking status.

Terminology

Sensitivity and specificity, characteristics of a test such as a biochemical assessment,
are measures of validity, the extent to which the test measures truth (Fletcher, Fletcher,
Wagner 1987). Typically. sensitivity and specificity are determined by comparing the
test results against a reference or “gold™ standard. For smoking, self-reported status
has most often been used as the standard for assessing biochemical markers. The
sensitivity of a biochemical test for smoking exposure is the proportion ot true smokers
who are classified as smokers by the biochemical test. The specificity of a biochemical
test tor smoking exposure is the proportion of true nonsmokers who are classified as
nonsmokers by the biochemical test. A test of 100-percent sensitivity and 100-percent
specificity would perfectly discriminate true smokers from true nonsmokers. However,
this degree of validity is not reached by any presently available biochemical marker.
In addition, the standard to which biochemical measures are compared. typically
self-reported smoking status, may be of limited validity, and thereby cause apparent
sensitivity and specificity to be reduced.

When continuous measures are used to test for smoking status, a cutpoint must be
chosen such that those individuals whose test value exceeds the cutpoint are classified
as smokers and those with values below the cutpoint are classified as nonsmokers
(Cummings and Richard 1988). The level at which the cutpoint is set determines the
sensitivity and specificity of the test. Lowering the cutpoint improves the sensitivity
at the expense of specificity. Raising it will improve specificity at the expense of
sensitivity (Cole and Morrison 1980; Browner, Newman, Cummings 1988}, Selecting



a cutpoint depends on the relative importance of mislabeling an actual smoker as a
nonsmoker with a very insensitive but specific test versus mislabeling an actual
nonsmoker as a smoker with a very sensitive but nonspecific test. This tradeoff between
sensitivity and specificity is discussed in more detail elsewhere (Fletcher. Fletcher,
Wagner 1987).

An important contextual issue concerns the validity with which the biochemical
measure classifies individuals, When the test is applied to a population of smokers and
nonsmokers. the proportion of the persons who test positive. that is. above the specitied
cutpoint, who are actually smokers becomes an important concern. This issue. distinct
from the question of what proportion of smokers are above the cutpoint. is the crucial
measure of how much misclassification occurs. This proportion, the positive predictive
value of a test, depends not only on specificity and sensitivity but aiso on the prevalence
of the condition in the population being tested (smoking in this example). The less
prevalent smoking is in the screened population the lower the positive predictive value
of a test (Browner, Newman, Cummings 1988).

The relative misclassification rates for smokers and nonsmokers. determined in part
by the estimated prevalence of smoking in the population to which the cutpoints are
applied, are particularly important in studies which use biochemical tests to verify
self-reported smoking cessation (Cummings and Richard 1988; Ruth and Neaton, in
press). For example. the pressure to quit smoking that is present in formal smoking
cessation programs may result in a high proportion of continuing smokers who report
not smoking. The use of cotinine validation in such circumstances (high prevalence of
talse reporting) results in a high positive predictive value, as opposed to the lower
positive predictive value when the same test is applied to self-reported former smokers
identified in a population-based survey (low prevalence of false reporting).

In biochemical validation studies. such as those reported in a subsequent section of
this Chapter. after optimal cutpoints are set using self-report in one population as the
gold standard, the biochemical marker then becomes the gold standard against which
self-reported smoking status is measured in another population.

Carbon Monoxide

High concentrations of CO are present in cigarette smoke (US DHEW 1979: US
DHHS 1986. 1989). Absorbed rapidly into the bloodstream during smoke inhalation.
CO has a half-life of 4 to 5 hours in sedentary adults (Stewart 1975). Direct measure-
ments of CO can be taken from exhaled alveolar air or estimated by measuring the
percentage of hemoglobin combined with CO (COHb) (Stewart 1975).

Sensitivity of exhaled CO for classifying active smoking is generally in the range of
80 to 85 percent but can be affected by diumnal variability as well as other factors
(Benowitz 1983). Given the short half-life of CO. levels are influenced by time of day
and time elapsed since last cigarette. Measurements taken late in the day, standardized
from time since last cigarette, are likely to give the best estimates of CO levels
(Frederiksen and Martin 1979: Horan, Hackett, Linberg 1978; Hughes. Frederiksen.
Frazier 1976). Using self-report of recency of smoking can increase sensitivity
(Bauman. Koch, Bryan 1982). Sensitivity is poor for light smokers (Fortmann et al.
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1984: Vogt 1982). and specificity can be reduced by exposure to CO present in the
environment as a result of industrial and automobile pollution, environmental tobacco
smoke, indoor combustion sources, and use of products such as marijuana (Biglan et
al. 1985: Frederiksen and Martin 1979; Stewart 1975). In spite of this, only 2 t0 5
percent of nonsmokers in general populations will exceed 1 percent COHb (Janzon et
al. 1981; Kahn et al. 1974). Using COHb levels from a national probability sample,
the Radford and Drizd (1982) reported the 95th percentile for COHb to be 1.77 percent
in nonsmokers, aged 12 1o 74. If a 2-percent cutpoint is applied to this sample. 3.6
percent of nonsmokers would be incorrectly classified as smokers.

Thiocyanate

High concentrations of HCN, a toxic gas. are present in cigarette smoke. However.
HCN is very active chemically and is rapidly detoxified by the liver into SCN™ (Langer
and Greer 1977; Boxer and Rickards 1952). Because SCN ™ accumulates in body fluids,
such as saliva. urine, and blood, it is used as a biochemical measure of exposure to
tobacco smoke. The biologic half-life of SCN  has been found to vary quite a bit (Bliss
and O’Connell 1984) although the length of time usually noted is between 10 and 14
days (Langer and Greer 1977, Vesey 1981). Salivary SCN™ can be measured most
reliably in parotid gland secretions (Shannon. Suddick. Dowd 1974): however. parotid
gland secretions show some seasonal and diurnal variability (Shannon. Suddick. Dowd
1974). When serum and saliva samples are compared, the levels are 15 to 20 times
higher in saliva than serum (Langer and Greer 1977; Pechacek et al. 1979; Vesey 1981).
However, saliva levels are more variable (Pechacek et al. 1979).

The increment of SCN  in light smokers is low, and there is much overlap of SCN™~
levels in light smokers compared with nonsmokers (Fortmann et al. 1984: Neaton et al.
1981; Vesey et al. 1981). However. detection of light smoking in adults using SCN™
levels is better than in adolescents (Windsor et al. 1985). This is likely to be related to
the fact that adolescents are often in the process of learning how to smoke and inhale,
and they may not have an established pattern of smoking (Pechacek, Murray et al. 1984).
For example. among younger adolescents only one-third or less could be identified on
a single assessment (Hunter, Webber, Berenson 1980: Luepker et al. 1989: Pechacek.,
Murray et al. 1984). Specificity represents a more severe problem than sensitivity. A
large number of food products are sources of either cyanogenic glycosides (e.g.,
almonds, bamboo shoots, sugar cane) or naturally occurring SCN™ (e.g.. cauliflower,
broccoli, beer) and can produce levels of SCN ™ in saliva equivalent to the average levels
of smokers (Langer and Greer 1977; Neaton et al. 1981; Pechacek et al. 1979: Swan et
al. 1985).

The relatively low specificity and sensitivity of SCN testing compared with cotinine
and CO make SCN™ a less useful outcome measure for smoking cessation studies
(Gillies et al. 1982; Fortmann et al. 1984) unless adjustments are made using carefully
collected dietary and environmental exposure data. A prime advantage of using SCN™
for biochemical validation of smoking abstinence is its long half-life compared with
other biochemical measures (Fortmann et al. 1984; Steinman 1985; Murray et al. 1987;
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Pechacek. Fox et al. 1984). which is of particular interest in population surveys where
longer term abstinence is of concern.

Cotinine

Cotinine, a metabolic byproduct of nicotine. is distributed throughout extracellular
fluid and is excreted through the kidneys and salivary glands (Benowitz 1983). About
15 to 20 percent is eliminated in the urine unchanged. and the rest 1s metabolized
{Benowitz 1983). The half-life estimates of cotinine are variable and range from 15 to
40 hours (Carey and Abrams 1988: Knight et ul. 1985: Greenberg et al. 1984: Haley
and Hoffmann 1985: Haley et al. 1987: Sepkovic. Haley. Hoffmann 1986). The
differences in estimated halt-life for cotinine reflect not only individual differences in
metabolism but also difterences between smokers and nonsmokers (Haley. Sepkovic.
Hoffmann 1989: Sepkovic. Haley, Hoftmann 1986: Haley et al. 1987). Cotinine levels
vary with the diumal cycle and are best assessed late in the day (Benowitz 1983).
Methods are available for measuring cotinine in saliva. urine. and blood. Urinary levels
have been suggested to be too variable (Pechacek. Fox et al. 1984), and plasma or serum
levels appear to be the most stable (Benowitz 1983). However. sampling saliva because
of ease of procurement and accuracy in classifying smokers and nonsmokers has been
recommended as a useful, noninvasive method that can be applied to large-scale
intervention trials (Abrams et al. 1987).

Because nicotine is unique to tobacco, cotinine is a highly valid marker for almost
any tobacco use {Haley. Axelrad. Tilton 1983: Russell et al. 1981: Wald et al. 1984
Zeidenberg et al. 1977). Although nicotine has been assessed in some studies, it is
recommended that cotinine be used because it has a more enduring and stable blood
level (Langone. Gjika, Van Vunakis 1973). Detecting regular smokers by analysis of
cotinine in blood. urine. or saliva is almost certain, and even light smokers and
intermittent smokers are casily detected (Benowitz 1983: Haley. Axelrad. Tilton 1983:
Paxton and Bernacca 1979: Zeidenberg et al. 1977: Carey and Abrams 1988: Williams
etal. 1979). In one investigation, 95 percent of adolescent ever smokers were detected
by cotinine (Williams et al. 1979). Specificity is also high: regular smokers typically
have blood cotinine levets ot 200 to 400 ng/mL. light smokers have 40 to 50 ng/mL.
and nonsmokers are typically below 10 ng/mL. When nonsmokers are assessed. they
rarely have any detectable cotinine (Benowitz 1983: Haley, Axelrad, Tilton 1983:
Sepkovic and Haley 1985: Zeidenberg et al. 1977).

In comparative studies of different biochemical measures of smoking. cotinine has
emerged as the measure of choice (Abrams et al. 1987: Haley. Axelrad. Tilton 1983:
Jarvis et al. 1984, 1987 Knight et al. 1985: Pojer et al. 1984) because of its superior
sensitivity and specificity.  However. it is more expensive and more analytically
complex than the other biochemical measures.

The value of biochemical measures is limited to short-term abstinence and cannot be
used to document continuous abstinence in long-term studies. CO. with a half-life of
4 to 5 hours, can validate self-reports of not having smoked in the past 24 to 48 hours
(Benowitz 1983). Cotinine. with a half-life of 15 to 40 hours. would have limited
application for validation beyond a few days. SCN™, with a half-life of 10 to 14 days.
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has been used to validate self-reports of not having smoked in the past 7 days and may
be useful to validate up to 3 to 4 weeks. However. specificity of this measure is low
compared with cotinine and CO.

Bogus Pipeline

The bogus pipeline, an assertion to subjects that biochemical assessments will be used
to assess smoking status when they will actually only be collected but not evaluated, is
used mostly in research with adolescents. One of the reasons given by researchers for
continuing to use biochemical verification for at least some proportion of the total
subjects is the assertion that if the subjects believe biochemical validation will occur,
they will be more likely to provide valid responses to self-report measures. This “bogus
pipeline effect” was first presented by Evans, Hansen. and Mittelmark (1977) from the
work of Jones and Sigall (1971) concerning smoking among adolescents. Tt is believed
that there is great pressure among adolescents to misreport smoking activities. Murray
and coworkers (1987) provided an extensive review of this aspect.

Murray and Perry (1987) attempted to determine the conditions under which a bogus
pipeline will be effective by manipulating conditions of anonymity. They demonstrated
that a bogus pipeline for adolescents is more likely to have an effect if there is an
expectation that subjects would otherwise perceive large amounts of pressure to report
not smoking and there is a credible pipeline message. However, their findings suggest
that an effective procedure to ensure anonymity can reduce this pressure and likewise
- reduce the need for the pipeline.

Contextual Issues Affecting Biochemical Assessment

The accuracy of self-report measures, the desirability tor behavioral or biochemical
validation of self-report, and the type of assessment needed are issues that need to be
considered in the context of the type of study, the nature and size of the study sample.
and possible refusal problems.

The nature of the subject sample can affect the likelihood of misreporting and
therefore the desirability of validation by biochemical assessment. In Table 1. studies
demonstrating misreporting rates for individuals who report cessation but who are
assessed to be smokers by cotinine or nicotine measurement are classified into three
types of subjects: untreated volunteer samples, intervention samples, and high-risk for
disease and/or medical patients. Table 2 presents a similar classification of studies”
demonstrating misreporting with CO validation. The tables are adapted from Lee’s
work (1988) with the inclusion of additional studies. In cases where multiple cutoff
criteria are recorded, the values closest to the optimal cutoff are reported. Several
studies should be viewed as outliers and are noted in the tables. These studies reported
unusually high rates of individuals who reported not smoking but were above the
cutpoint and also employed cutoff criteria far below optimum cutpoints (Cummings
and Richard 1988).

For untreated volunteer samples. the mode for individuals classified as smokers by
biochemical assessment who reported not smoking is zero, and no sample exceeds 5
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TABLE 1.—Measures of false reports of not smoking from studies using nicotine and cotinine as a marker

Reference

Puart [ Volunteer samples

Russell and
Feverabend (1975)

Williams et al,
(1979)

Haley, Axelrad.
Tilton (1983)

Wald et al. (1984)

Haddow,
Palomaki, Knight
(1986)

Coultas et al.
(1987}

Lee (1987)

Nanji and
Lawrence (1988)

Pierce etal. (1987)

Population

London smokers. nonsmokers, and
heavy passive smohkers

Students health sereening

New York nonsmoking volunteers

Nonsmokers attending BUPA™, and
Oxtord colleagues

US women attending well-women
screening

New Mexico Hispanie children and
adults in houschold survey

Representative UK sample providing
sabiva, without prior warning, atter
smoking data

Lab sample

Sydney, Melbourne smokers

Told to
give up

No

No

Criterion for fulse
reports of not smoking

Urinary nicotine

Plasma cotinine
Salivary or plasma cotinine
256 ng/ml. urinary cotinine

30 ng/mlk serum cotinine
10} ng/mL. serum cotinine

S0 ng/mL salivary cotinine

30 ng/mL salivary cotinine
10 ng/ml salivary cotinine

| pg/mb skin nicotine

250 nmol/L salivary cotinine

% (n/N)

False reports Comments

0 /27y No overlap between range of
urinary nicotine levels of
smokers (N=1¥) and
nonsmokers (N=27}

2(2/98)

0 (0/18) No cutpoint estublished: no
cotinine detected in nonsmokers

(.9(2/221) Cutpoint based on distribution

1.3(3/232)

2.2(5/232)
32(43/1.360)  36.3% of sample below age 18 v

2.5 (20/808)
4.2 (34/808)

(4 (0/43)

4.0(25/622)



TABLE 1.—Continued

Reference Population

Part 1L Intervention samples

Russell et al. London smokers attending general
(1979) practices in mtervention trial
Paxton (1980) UK smokers assigned 1o various stop
treatments
Jamrozik, Vessey UK smokers attending general
h . . . .
ctal. (1984) practitioners in trial of various

antismoking interventions

Russell et al. UK smokers attending gencral

(17" practitioners in trial of eftects of
brief intervention and support of a
smokers' clinic

Abrams et al. Smokers/nonsmokers in worksite
(1987) cessation program

Stookey et al. Cessation study

(1987)

Told to
give up

Some groups

Some groups

Yes

Yes

Criterion for false
reports of not smoking

Salivary nicotine

Urinary nicotine

HOO ng/mL urinary cotinine

SO pg/L urinary cotinine

10 ng/ml salivary cotinine

10 ng/mL salivary cotinine

% (n/N)
False reports

7.1(1/14)

n=2,N<6()

239 (H1/46)

388 (ST/14T)

9.1 (/1

Nonsmokers

0 (0/20)

Former smokers
451 (46/102)

Comments

No cutpoint established: length
of followup not stated

Study began with 60 subjects: 2
false reports of not smoking
detected: cutpoint not
established; 6-mo tollowup

If nonparticipants considered as
false reports of not smoking,
then 39.7% (23/58) gave
erroneous reports: 1-yr followup

I-vr followup

Self-reported abstainers;
%-wk followup

Length of followup not stated
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TABLE 1.—Continued

Reference Population

Part HI. High-risk/medical patients

Wilcox. Hughes, Nottingham MI patients
Roland (1979)

Jarvis et al. (1987) Clinic outpatients

Haddow et al. (1987) US pregnant women

Told to
give up

Yes

Criterion for false
reports of not smoking

2 pg/100 mL urinary nicotine or
10 pg/100 mL urinary cotinine

13.7 ng/ml. scrum cotinine
14.2 ng/mL. salivary cotinine
49.7 ng/mL urinary cotinine
21.8 ng/mL salivary nicotine
2.3 ng/mL plasma nicotine
58.6 ng/mL urinary nicotine

10 ng/mL serum

% (n/N)
False reports

16.3 (8/49)

19.(23/121)
18(22/121)
17217121
13(17/121)
13017/121)
16 (19/121)

4914272871

Comments

An additional 5
subjects had detectable
levels tn concentrations
below the cutpoint

Unpublished data

NOTE: n/N=number of individuals reporting not smoking but with levels of biochemical marker exceeding cutpoint divided by all individuals reporting not smoking: Mi=myocardial infarction.

*British United Providence Association Medical Center in London,

"Studies classified as outliers due (o low criterion cutoffs.
SOURCE: Adapted from Lee (1988).
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TABLE 2.—Measures of false reports from studies using CO as a marker

Reference

Part I. Volunteer samples

Jones. Commins,
Cernik(1972)

Petitti.
Friedman. Kahn
(198 1)

Jarvis etal. (1987)

Bauman, Koch,
Bryan (1982)

Stookey et al.
(1987)

Fortmann et al.
(1984

Part 11. Intervention samples

Delarue (1973)

Population

London taxi drivers

Californians having health checkups.
176 female twins and 91 males

Clinic outpatients

Adolescent nonclinic setting

Cessation study

Representative sample for
cardiovascular risk study

Canadians attending voluntary
antismoking clinic

Told to
give up

No

No

No
No
No

Yes

Yes

Criterion for false
reports of not smoking

6.6% COHb

8 ppm CO

10 ppm CO (expired wir)
1.7% CO (Hb)

6 ppm CO (expired air)
8 ppm CO (expired air)

8 ppm

8 ppm

2% COHb

4% COHb
6% COHb

% (n/N)

False reports Comments

4.8(1/21)

0.6 (1/181)

16 (19/12h)
18(22/121)

0
3

0(0/20)

4.2(37/89()

20.6(22/107)

9.3¢10/107)
+1.7(5/107)

1-yr followup



TABLE 2—Continued

Reference

Ohlin, Lundh,
Westling (1976)"

Fsacsson and

“Janzon (1976)

Lando (1982)

Malcolm et al.
(1980)* "

Raw et al. (1980)

Lando (1981

Jarvis et al. (1982)

Told to

Population - give up
Swedish patients with smoking-related Yes
diseases attending antismoking clinic
and given nicotine gum
Swedish heavy smokers in Yes
quit-smoking research project
US smokers in multigroup smoking Yes
cessation study
UK trial of nicotine chewing gum Yes
UK smokers attending asmokers’ Yes
chnic in comparison of psychologic
treatment and use of nicotine gum
US smokers in multigroup smoking Yes
cessation study
UK smokers attending a smokers’ Yes

chinic in trial of nicotine gum

Criterion for false
reports of not smoking

0.8% COHb

1% COHb

O

1.6% COHb

COor COHb

COor COHb

% (n/N)
False reports

19.2(25/130)
32.1(35/109)

8.8 (334

0(0/22 10 60

31.6(47/113)

00/3%)

Between
L4 ¢1/74) and
42401729

0 (0/26)

Comments

19.2% false reports at
l-wh followup:

32.1% false reports of
not smoking at 6-mo
followup

8 9wk tollowup

I yriollowup

1-mo tollowup

I-yr followup

Not clear when
“decerver” withdrew
from study: 1-wk
(/74 o L-yr (1/24)
followup: abstinence
status abso based on
reports of informants

1-yr followap
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TABLE 2.—Continued

Reference
Russell et al.
(1987)

Glasgow et al.
(1984)

Jamrozik. Fowler
etal. (1984)"
Claveletal,
{1985)

Lando and
McGovern (1985)

Richmond and
Webster (1985)

Abrams et al.
(1987

Giynn, Gruder,
Jegerski (1986)

Population

UK smokers attending general
practitioners

US worksite smoking control study

UK smokers in trial of nicotine gum

French trial of acupuncture and

nicotine gum

US subjects undergoing various

treatments for eliminating smoking

Australian smokers in a general
practice: randomized trial of

etfects of advice to give up

Worksite cessation

Chicago Lung Association
cessation study

Part HI. High-risk/medical patients

Lictal (1983)

US asbestos-exposed smokers
receiving (1) behavioral counseling or
{2y minimal warmning

Told 10
give up

Some groups

Yes

Yes

Test group

Criterion for false
reports of not smoking

7 ppm CO

10 ppm CO

12 ppm CO

Sppm CO

co
COHb. SCN . cotinine
in plasma. and

reports by tamity
and friends

<Y pp CO (expired atr)

10 ppm CO (expired air)

9 ppm CO

% (n/N)
False reports

About 22

0(0/4)

28.0(7/25)

0(0/24)

2 cases out of

at most 90

5.742/35)

FET(1/9)

15.6 (7/45)

22231 (31 )

Comments

4-mo to 1-yr followup

6-mo followup

6-mo followup

Sample of study
participants (N=24):
1-yr followup

Up 1o 2-mo followup

Criteria not stated;
6-mo followup

8-whk followup

4-wk followup

I'1-mo tollowup
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TABLE 2.—Continued

Reference Population

Vogtetal. (1977) San Francisco Center of MREIT

Sillett et al. UK study in 2 groups: (A) survivors of

(1978)" MIand (B) volunteers in nicotine gum
trial

Ronan etal. Irish post-M1 patients

(1981)

Research UK patients with smoking-related

Committee of the diseases m 4 group intervention

British Thoracic trials involving advice, booklet.

Society (1983)" placebo, and nicotine polacrilex gum

Told to
give up

Yes
Yes

Yes

All groups

Criterion for false
reports of not smoking

& ppm CO

1.7% COHb

1.6% COHb

1.6% COHb and
73 umol/L SCN

in plasma

% (n/N)
Fulse reports

440245

26 (11/51)
1 40.2(33/82)

B8 (5/57)

27
25

Comments

Mean 8.6-yr followup

27% false reports rate
at 6-mo followup:
25% false reports rate
at 1-yr followup

NOTE: CO=carbon monoxide: n/N=number of individuals reporting not smoking but with levels of biochemical marker exceeding cutpoint divided by all mdividuals reporting not smoking:

COHb=carboxyhemoglobin: ppm=parts/million: SON - =thiocyanate: MREIT=Multiple Risk Factor Intervention Trial: Ml=myocardial infarction.

*Stadies classified as outhers due 10 low criterion cutofts
"May be same group as (By in Sillett ¢t al. (197%)
SOURCE: Adapied from Lee (TUBS),



percent for either cotinine or CO. For intervention studies. values are typically 2 to 5
percent for cotinine and 0 to 10 percent for CO. High risk/medical samples appear to
have the highest rates of misclassification of former smokers with the rates exceeding
20 percent. For example. as shown in Table 1. Jarvis and colleagues (1987) reported
very low rates (1 percent) of false reporting in vascular patients who were not advised
to quit compared with the rate in high-risk patients who were advised to quit (17
percent). Itis likely that the pressure to stop smoking influenced the accuracy of patient
reporting.

Observation studies in which no intervention occurs. or intervention studies in which
there is minimal intervention or interaction with smokers, are less likely to prompt false
reports of smoking cessation than studies in which intensive intervention does occur.
In the former types of studies. in which no or low-intensity intervention occurred. there
was a much lower prevalence of subjects reporting a 24-hour quit attempt during the
past 6 months or current abstinence (Prochaska et al. 1985) than in intensive interven-
tion studies, making misreporting less likely. A greater tendency to misreport in no or
low-intensity intervention studies might occur with adolescents. for whom pressures to
report not smoking may be omnipresent (Pechacek, Murray et al. 1984; Chapter 2, see
section on Bogus Pipeline). A similar pressure might occur in some other instances,
such as worksites in which a ban has been placed on smoking. where no intervention
occurs but there may still be pressure on individuals to misreport. However. no studies
have looked at the possibility of misreporting in such instances. The context in which
the study takes place is likely to influence the degree of misreporting. Data currently
being collected from smoking cessation programs in a wide variety of contexts may
help to clarify this issue.

Clinic interventions and intensive interventions. on the other hand. typically ask
participants to set a quit date. Close relationships are developed with the counselors,
and self-reports of quitting are often given initially in a peer group. Under these higher
demand conditions. biochemical verification may be needed to decrease the mis-
reporting of current smokers as former smokers. For example. in MRFIT, special
intervention subjects claiming to be former smokers at followup examinations had mean
SCN' levels between those of never smokers and continuing smokers (Ockene et al.
1982). Similar discrepancies between reported and validated cessation rates did not
occur for the usual care men who had not received intensive intervention.

The use of biochemical tests for validating self-reports in epidemiologic studies has
a number of limitations. The tests do not have perfect sensitivity and specificity: their
half-lives do not necessarily fit the timeframe to be covered: and not all subjects are
willing to provide the necessary samples for assessment. A very sensitive test may
misclassify subjects as smokers if they have heavy passive smoke exposure (DiGuisto
and Eckhard 1986: Haddow. Palomaki. Knight 1986: Haley et al. 1989: Jarvis et al.
1985). smoke occasionally (i.e., 1 or 2 cigarettes on isolated occasions) (Williams et al.
1979). and/or use nicotine in some other form, such as nicotine polacrilex gum or
smokeless tobacco (Cohen et al. 1988; Slattery et al. 1989). Biochemical markers are
also limited because they assess relatively short-term cessation (less than 2 weeks). and
in studies concerned with the impact of cessation on health. there is more interest in
evaluating consequences of long-term cessation.



In large-scale studies. use of biochemical assessments is generally not feasible; thus.
mandatory use of such assessments and subsequent classification of refusers as smokers
(as suggested by some investigators involved in clinical intervention studies e.g..
Windsor and Orleans 1986) would result in an unacceptable distortion of the outcome
data. In addition, some subjects may drop out if validation is required. The effect of
lost subjects on study results may be difficult to estimate. In contexts other than
intensive intervention trials, self-reported smoking status at the time of measurement
and concurrent biochemical assessment have been demonstrated to be highly concor-
dant (Fortmann et al. 1984; Petitti, Friedman, Kahn 1981) (Tables 1 and 2). This high
concordance supports the use of self-report as a valid measure of smoking status in
observation studies of the health effects of smoking cessation.

PART Il. ASSESSING THE CONSEQUENCES OF SMOKING CESSATION

Study Designs Used to Assess the Consequences of Cessation

Overview of Study Design

Most evidence on the health benefits of smoking cessation derives from studies of
human populations and not from animal studies or other types of research. Research
on humans can be classified as experimental (the investigator assigns subjects to be
exposed or not exposed to the risk factors or preventive factors of interest) or observa-
tional (the investigator does not determine whether subjects are exposed or not exposed
to the factors of interest; exposure reflects the subjects’ choices or some other process).
Intervention studies include randomized or nonrandomized community-based inves-
tigations and clinical trials. The clinical trial, involving randomization of subjects to
be exposed or not exposed to an intervention, has been used to investigate the effects
of smoking cessation in patient groups and in populations. The observational designs
include the ecologic study, the cross-sectional study. the cohort study. and the case—
control study.

The biases potentially affecting these studies can be broadly classified as selection
bias. information bias. and confounding bias (Table 3) (Kleinbaum. Kupper, Mor-
genstern 1982). Selection bias refers to distortion of an exposure—disease relationship
by the mechanism through which subjects are selected. Information bias arises from
the incorrect categorization of subjects as exposed or not exposed or as diseased or not
diseased. The resulting misclassification of subjects on exposure or disease status may
occur in a random or nonrandom fashion (Chapter 2, Part ). Confounding bias refers
to the distortion of the apparent effect of an exposure on risk caused by association with
other factors that affect outcome (Last 1988). In the subsequent review of the study
designs used to assess the benefits of smoking cessation. sources of bias most relevant
to each design are highlighted.
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TABLE 3.—Examples of potential methodologic problems in investigating the
health consequences of smoking cessation

Problem

Current smokers developing symptoms of
disease quit smoking

Self-reported former smokers are actually
smoking (information bias)

Former smokers tend to have smoked less
than persistent smokers (confounding bias)

Former smokers tend to have a healthier
lifestyle than persistent smokers (confounding
bias)

Smoking practices and the presence of
smoking-related diseases affect participation

in studies (selection bias)

Small number of subjects in a study

Consequences

Apparent benefits of cessation are reduced

Apparent benefits of cessation are reduced

Failure to account for the ditference may
exaggerate the apparent benefits of
cessation

Failure to account for the difference may
exaggerate the apparent benefits of
cessation

Apparent benefits of cessation may be

increased or decreased

A beneficial effect of cessation may not

reach statistical significance

Ecologic Studies

Ecologic studies represent a descriptive approach for examining the relation between
risk factors and disease. Groups, rather than individuals, are the unit of analysis in
ecologic studies. For example, changes in lung cancer mortality rates for selected
countries have been examined for correlation with changes in measures of smoking for
those countries, such as the percentage of smokers or per capita cigarette consumption
(US PHS 1964; Cairns 1975; Cummings 1984; Doll and Peto 1981). Ecologic studies
often have the advantage of being performed inexpensively and feasibly by using
already available data. This design has well-described limitations related to the
estimation of exposure and control of confounding, and may yield seriously biased data
on exposure—disease relationships (Kleinbaum, Kupper, Morgenstern 1982: Rothman
1986).

Cross-Sectional Studies

In a cross-sectional or prevalence study, exposure and outcome are assessed at the
same point in time among individuals in a population. Because cross-sectional studies
measure exposure and outcome variables simultaneously. the true temporal relation
between exposure and disease may be obscured (Rothman 1986). However. cross-
sectional studies can be readily performed and have supplied much of the evidence on
smoking cessation and nonmalignant respiratory diseases (Chapter 7).
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Cross-sectional studies may be atfected by selection bias. Because cigarette smoking
is a strong cause of disease und death, groups studied cross-sectionally may not
accurately reflect the natural history of smoking. smoking cessation. and the develop-
ment of smoking-related illness. The proportion of heavier smokers and more suscep-
tible smokers may be reduced compared with the original birth cohorts giving rise to
the cross-sectional study population (McLaughlin et al. 1987). Former smokers who
stopped because of the development of disease may be underrepresented. whereas those
who stopped to reduce the risk of illness may be overrepresented.

Information bias is also of potential importance in cross-sectional studies. Pre-
existing conditions in survey participants may affect recall of past smoking or may alter
the approach used by interviewers to gather smoking information. However. as
summarized in Tables 1 and 2. cross-sectional surveys generally demonstrate low rates
of misreporting of smoking status when compared with cotinine and CO levels.

As mentioned previously. a single observation on smoking behavior may lead to
misclassification of smokers because of the dynamic nature of smoking behavior.
Former smokers are typically a heterogeneous group with periods of abstinence ranging
from days to years. For example.inthe 1986 Adult Use of Tobacco Survey (US DHHS
1989), the subjects’ responses were classified in 10 categories, 4 of which included
former smokers. Of the former smokers. 12.5 percent had quit within the past 3 months,
7.8 percent had quit in the past 3 to 12 months. 22.3 percent had quit in the past 1 10 5
years, and 57.4 percent had quit 5 or more years earlier.

Cohort Studies

In a cohort study. the subjects are selected on the basis of exposure status (e.g..
smoking behavior) and observed for development of disease. Observation may be
forward in time (prospective). backward in time (historical or retrospective). or both.
Correct conclusions can usually be made about the temporal relation between exposure
(smoking cessation) and outcome (reduction of morbidity or mortality). With the
cohort design, multiple health outcomes can be considered simultaneously. For ex-
ample, the CPS-1 and CPS-1I conducted by the American Cancer Society (ACS)
examined the effect of smoking behavior on total mortality and specitic causes of death.

In a study of smoking cessation. selection bias could affect the findings of cohort
studies it subjects lost to observation were more or less likely to benefit from smoking
cessation than subjects remaining under observation (Greenland 1977). For interven-
tion studies and cohort studies, the rate ot subject loss provides an index of the potential
selection bias.

In a cohort study of smoking cessation. some misclassification of exposure may be
introduced if the classification of smoking status is based on a single assessment.
Although the categorization of smoking status may be correct at the time the informa-
tion is collected. tnevitably some former smokers will resume smoking and some
current smokers will stop. The extent of the resulting error will increase with the
duration of followup. The resulting misclassification will tend to underestimate the
effects of quitting because those who relapse to become current smokers would not be
expected to experience beneficial effects attributable to quitting.
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For example. in ACS CPS-I involving nearly 1 million people, Hammond and
Garfinke! (1969) studied changes in smoking status over a 2-year period. Male former
cigarette smokers in 1959-60 who reported that they were smoking in 1961-62 varied
according to duration of prolonged abstinence reported in the 1959-60 survey. For
respondents abstinent less than 1 year in 1959-60. 37.3 percent reported smoking 2
years later; of those reporting abstinence for | to 2 years. 19.1 percent were smoking 2
years later; and of those reporting abstinence of more than 2 years, 4.6 percent were
smoking 2 years later. For all males who were former smokers in 1959-60, 11.3
percent reported smoking 2 years later. For all female former smokers in 1959-60. 6
percent reported smoking 2 years later. Inthe U.S. Veterans Study (Rogot and Murray
19803 Kahn 1966), male veterans in a cohort of 248.846 were classified based on
responses to questionnaires administered in 1954 or in 1957 (if the 1954 questionnaire
was not returned) and then followed for 16 years to determine the relationship between
tobacco use and mortality. Undoubtedly, many of the original current smokers became
tormer smokers as a result of the strong trend of smoking cessation among U.S. males
during the followup period (US DHHS 1989).

Repeated assessment of smoking status in a cohort study can mitigate misclassifica-
tion due to changes in smoking status over time (Chapter 2. Part I). Repeated measures
are often feasibly made in cohort studies to minimize the etfects of misclassification.
Alternatively, validation substudies can be conducted within the cohort to quantity
misclassification errors (Greenland 1988).

Case-Control Studies

Case—control studies involve selection of study subjects based on the presence (cases)
or absence (controls) of a disease. Exposure and other attributes of cases and controls
(e.g.. smoking status or lifetime cigarette consumption) are then measured. The groups
are compared with respect to the proportion having the attribute of interest to calculate
the exposure odds ratio. which estimates the relative risk assoctated with exposure.
Case~control studies can generally be conducted in less time than cohort studies or
intervention studies and are less expensive to perform. Case—control studies are well
suited for evaluation of diseases with low incidence rates.

Case—control anulyses may be affected by information bias and selection bias.
Case—control studies are prone to information bias if lifetime exposure histories are
collected by interview (Schlesselman 1982). Retrospective lifetime histories of smok-
ing or other exposures obtained from ill or elderly subjects may introduce misclassifica-
tion. Similarly, studies that rely on reports from surrogates to assess smoking may
misclassify exposure. It individuals classified as cases recall more accurately or less
accurately than those classified as controls, ditferential misclassification results (Gordis
1982). Differential misclassification may also be introduced if respondents deliberately
falsify answers or if interviewers difterentiallv gather information from cases and
controls (interviewer bias); interviewers not blinded to case—control status may probe
more intensely for a putative causal exposure in cases than in controls (Sackett 1979).
Blinding is often not feasible. and meticulous attention must be directed to training
interviewers and to designing questionnaires to remove the possibility of interviewer
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bias. Although selection bias may affect any case—control study that is not population-
based. it is unlikely to be of particular importance in most case—control studies of
smoking cessation.

Intervention Trials

Intervention trials are designed to test a hypothesized cause—eftect relationship or the
benefits of a preventive program by modifying the putative causal or preventive factor
and measuring the effect on relevant outcome measures. Intervention trials may be
directed at individuals or groups. such as communities. Regardless of the unit of
observation, the trials may be conducted with (e.g.. a clinical trial) or without ran-
domization to the intervention.

Clinical trials are most commonly used to assess therapeutic interventions, but this
design has also been used to evaluate preventive interventions. such as smoking
cessation. A clinical trial includes one or more comparison groups in which subjects
receive the control intervention: subjects are randomly assigned to the treatment and
comparison groups to ensure that the groups are comparable with respect to charac-
teristics potentially affecting the outcomes of interest. Individuals or groups such as
communities can be the units of randomization. Within the limits of chance. random
assignment makes the intervention and control groups similar at the onset of study.

Although widely used to test smoking cessation methods, clinical trials have been
used infrequently to assess the health benetits of smoking cessation. In comparison
with observation studies. the clinical trial design ofters the potential for eliminating or
more tightly controlling bias from the selection of subjects and from confounding.
However. for many health outcomes. both a large sample size and a lengthy tollowup
period may be needed to have sufficient statistical power. Moreover. in a study of
smoking cessation. the power of the trial also depends on the extent of the reduction in
smoking in the intervention group. in comparison with the control group. In the
reported smoking intervention trials. only a minority of participants attained continuous
or prolonged abstinence following most cessation interventions (Hunt, Barnett. Branch
1971: Hunt and Bespalec 1973: Ockene et al. 1990). Even with intensive. prolonged
interventions. as in MRFIT, only 42 percent of smokers within the special intervention
group were not smoking at 6-year followup. and only 26 percent of baseline smokers
had been continuously abstinent from cigarettes over this prolonged period (Ockene et
al. 1990).

Only a few clinical trials provide information relevant to the health benefits of
cessation (Chapter 3). In the Whitehall Civil Servants Study (Rose et al. 1982). the
investigators randomly intervened in smoking with advice from a physician in a group
of men at high risk for cardiopulmonary disease. In MRFIT. smoking intervention was
one component of the risk factor intervention program directed at the special interven-
tion group (MRFIT Research Group 1982).

In most clinical trials that assess the effect of cessation on disease outcomes, such as
the Whitehall Civil Servants Study (Rose et al. 1982). the investigators did not monitor
longitudinally the persistence of quitting or levels of biochemical markers. The only
clinical trial that has provided these measures is MRFIT {Ockene etal. 1990). Although
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maintained cessation rates were significantly greater in the special intervention than in
the usual care group, to date the difference has not been large enough to provide
adequate statistical power to assess the effect of smoking cessation alone on differences
in morbidity and mortality between the intervention and control groups (Chapter 3).
However, MRFIT was designed as a multifactor trial and did not assess the impact of
smoking cessation alone. Because MRFIT results indicated the greatest difference in
smoking cessation between special intervention and usual care subjects compared with
any other clinical trial and still lacked the power to detect outcome differences from
smoking cessation, it is unlikely that smaller trials would have sufficient power to
demonstrate an effect of cessation on morbidity and mortality {Chapter 3) (US DHHS
1983).

Compared with observational studies which place few demands directly on subjects.
the use of interventions for smoking cessation in clinical trials increases the probability
of misreporting smoking status at postintervention followup because of the expectations
of the participants and the investigators. Typical pertodic followup in clinical trials.
however, reduces the chances of misclassification related to relapses or to delayed
action to quit smoking—phenomena that are often not adequately recorded in observa-
tional studies. Routine followup also allows for more accurate measurements of the
duration of prolonged or continuous abstinence and the opportunity to validate with
biochemical testing.

Intervention trials other than clinical trials also provide information on the health
consequences of smoking cessation. A number of studies are in progress involving
interventions of varying intensity within a community. The North Karelia project
conducted in Finland is such a community trial: a comprehensive, community-based
intervention program was conducted to reduce cardiovascular disease (CVD)
(Tuomilehto et al. 1986). Mortality rates in North Karelta were compared with those
in other areas of Finland.

Methodologic Issues

Introduction

Epidemiologic studies have been the principal source of information on the health
benefits of smoking cessation. Although the resulting data have provided strong
evidence for the benefits of cessation, the data need to be interpreted with consideration
of potential sources of bias and of other methodologic issues. This Section considers
the methodologic issues potentially affecting interpretation of studies of the health
consequences of smoking cessation. The criteria for causality have served as a basis
for evaluating all of the evidence relevant to a particular association (US PHS 1964:
US DHHS 1982, 1989). However, associations found in individual studies must also
be assessed carefully. In any epidemiologic or clinical study. association may result
by chance, as the result of bias. or through a causal mechanism. Thus. this Section
presents an overview of statistical considerations relevant to studies of smoking
cessation and the most prominent sources of bias in such studies—information bias and
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confounding bias. It also considers the potentially complex problem of analyzing data
on the etfects of smoking cessation.

Statistical Considerations

Statistical significance testing addresses the likelihood that an observed association
has occurred by chance if. in fact. exposure and disease are unassociated (the null
hypothesis). By convention, probability (p) values less than 0.05 are generally accepted
as “statistically significant™, that is. chance is considered an unlikely explanation for
the association. For example, if the p value is less than 0.05. the probability that chance
explains the association is less than 5 percent. Confidence intervals describe the range
of effects compatible with the data at some specified level of probability. for example
95 percent.

Some studies find associations that do not attain statistical significance. “Negative™
investigations must be interpreted in the context of an investigation's sample size: a
small sample size may not provide sufficient information to test associations in the
range of interest. Such small sample sizes often provide inadequate statistical power
to test for the anticipated effects of smoking cessation, and such studies are uninforma-
tive as a result. In interpreting associations not achieving statistical significance.
confidence limits describe the range of effect compatible with the data.

Bias

In any epidemiologic study. associations may be affected by bias. Biases from
misclassitication and from confounding need to be considered in interpreting the
findings of studies of the consequences of smoking cessation. This Section focuses on
the eftects of these biases in studies of smoking cessation.

Categorizing the dyvnamic process of smoking cessation poses a substantial challenge
toepidemiologic researchers (Chapter 2. Part ). Moreover. subjects may not accurately
report their own smoking behavior. and reliance on surrogate sources of information
on smoking, as may be necessary in case—control studies. may also introduce error.

The consequences of misclassitication in observation studies have received substan-
tial consideration in the epidemiologic literature (Copeland et al. 1977: Greenland 1980:
Fleiss 1981: Kleinbaum. Kupper. Morgenstern 19820 Schiesselman 1982: Rothman
1986). Misclussttfication ¢an occur in classitving either exposure or outcome. Only
exposure misclassitication. that is smoking status. will be considered in this Section
{Chapter 2, Part ).

Misclussification may be classified as nonditferential (or random) or us differential:
both types of misclassification are potentiatly relevant to studies of smoking cessation.
Nondifterential misclassification occurs randomly 1n relation to disease or outcome
status. whereas differential misclassification atfects exposure information in a pattern
that varies with outcome status.  For example. differennal misclassitication would
occur in a case~control study of lung cancer if cases tended to minimize the extent of
past smoking in comparison with the information given by controls: elderly cases and
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controls might introduce nondifferential misclassification from errors in recall of past
smoking.

The consequences of nondifferential and differential misclassification have been
addressed in the epidemiologic literature. Bross (1954} is credited with demonstrating
that random misclassification in a 2x2 contingency table diminishes an association that
exists between two variables: in general for such cross-classified data. nondifferential
misclassification of exposure biases toward the null value, indicating no effect of
eposure (Rothman 1986). For exposures classified into three or more levels. the
consequencs of nondifferential misclassification are not exclusively directed toward
reducing the degree of association. Differential misclassification may either strengthen
or weaken associations. depending on the direction of the bias in reporting exposure
(Kleinbaum, Kupper, Morgenstern 1982: Rothman 1986).

The information presented in prior sections of this Chapter describes the directions
that bias may take and allows some generalizations. First, some degree of nondifferen-
tial misclassification may affect studies of active smoking and of smoking cessation.
the extent of misclassification depends on the type of information collected. the choice
of respondents (index subject or surrogate). and the health and age of the respondents.
Second, because disease is present at the time of interview. nondifferential mis-
classification is particularly likely to affect exposure information collected in cross-
sectional studies and case—control studies. but little empirical evidence is available.
Third, because of the dynamic nature of smoking cessation, some current and former
smokers will be misclassified in cohort studies and clinical trials unless smoking
behaviors are measured with sufficient frequency during followup.

For example. MRFIT data illustrate the potential for misclassification of current and
former smokers as smoking status changes over time if smoking status is not longi-
tudinally assessed (Ockene et al. 1990). The usual care group included 4,091 smokers
at baseline with 12.7 percent reporting quitting by the first annual followup visit. Of
those first-year quitters, only about half or 6.3 percent of all usual care smokers
maintained abstinence for the entire 6-year followup period (“continued stoppers™.
However in each vear of followup, additional smokers quit ("new stoppers™) at a
maximum rate of 7.5 percent between the first and second years. decreasing to the
lowest rate of 4.2 percent between the fifth and sixth years. Simultaneously. smokers
who quit and relapsed during the trial succeeded in quitting in subsequent followup
periods (“recycled stoppers™). Recycled stoppers increased from 5.3 percent of the
usual care baseline smokers in the third year to 15.3 percent at the end of the sixth year.
By the sixth year of the study. 25.8 percent of the usual care group were classified as
former smokers: 6.3 percent stopped during the first year and maintained abstinence
for the remaining 6-year followup period: 15.3 percent stopped. relapsed. and stopped
again: and 4.2 percent stopped tfor the first time in the last year of followup. Although
the usual care group is not representative of adult male smokers. these data illustrate
the dynamics of smoking behavior and the potential for misclassification.

Incorrect categorization of some current smokers as former smokers and of some
former smokers as current smokers. if nondifferential, would tend to reduce the apparent
benefit of smoking cessation. as disease occurrence is reduced in the category of
apparent current smokers by the inclusion of former smokers and 1s increased mn the



category of apparent former smokers by the inclusion of current smokers. Stratification
by the duration of abstinence may provide some control of this type of misclassification.

The category of never smokers in an epidemiologic study may include some persons
who smoked in the past (Britten 1988: Persson and Norell 1989). In general, former
smokers who reported themselves as never smokers consumed fewer cigarettes than
those correctly categorizing themselves as former smokers. Nevertheless, the bias
resulting from the inclusion of some former smokers in the category of never smokers
would tend to reduce the apparent benefit of cessation when former smokers are
compared with never smokers.

The consequences of misclassification must be considered in the context of the
disease under investigation. For example. in studying lung cancer and smoking
cessation, the failure of long-term former smokers to report a brief period of relapse has
little relevance. In contrast. unreported periods of relapse would be relevant in
assessing smoking cessation and occurrence of myocardial infarction or of respiratory
symptoms, conditions for which cessation has some short-term benefit.

Bias from confounding is also of concern in studies of the health consequences of
smoking cessation. Former smokers tend to differ from continuing smokers in the
earlier intensity of cigarette smoking and in other aspects of lifestyle that may determine
disease risk. Former smokers tend to have smoked fewer cigarettes per day and to have
started smoking at an older age than continuing smokers (Friedman et al. 1979: Garvey
etal. 1983; Myers et al. 1987; Volume Appendix). Thus, at any age. former smokers
have had less cumulative exposure to cigarette smoke. on average. than continuing
smokers. Failure to account appropriately for differences in cumulative exposure
between former smokers and continuing smokers may exaggerate the benefits of
cessation. Misclassification of smoking measures may limit the degree to which
confounding can be controlled (Greenland 1980: Rothman 1986).

Other differences between former smokers and current smokers may also influence
disease risk. Former smokers are more likely to be of higher socioeconomic status than
continuing smokers and tend to follow a healthier lifestyle than persistent smokers
(Chapter 11 and Volume Appendix). Former smokers generally drink less alcohol and
less coffee, are more physically active, and experience less stress. although their relative
body weight tends to be greater (Friedman et al. 1979: Kaprio and Koskenvuo 1983:
Chapters 10 and 11). However. some persons may stop smoking because a personal
combination of risk factors places them at increased risk for disease. In the British
Regional Heart Study. former smokers had higher blood pressure and total serum
cholesterol at entry than current or never smokers (Cook et al. 1986).

In fact, observed mortality rates for many diseases have been higher for former
smokers than current smokers during the first few years tollowing cessation. Persons
with symptoms of incipient illness or with newly diagnosed illness may stop smoking
(Hammond and Garfinkel 1966). Consequently. mortality rates for former smokers
immediately following cessation may exceed those for current smokers.

In studies of the effect of cessation on the course of established disease, consideration
must be given to the severity of the underlying disease in former smokers and persistent
smokers. Forexample. in a study of mortality following myocardial infarction, persons



who quit smoking were at greater risk for death than those who did not quit because of
more severe underlying disease (Vlietstra et al. 1986: Hermanson et al. 1988).

Analytic Issues in Observation Studies

Complex associations among disease risk. age. and duration of active smoking and
abstinence further complicate assessment of the health consequences of cessation.
Analytic approaches should represent these relationships in a biologically appropriate
fashion. The risks of many cigarette-related diseases (e.g.. cancer, CVD. and chronic
obstructive pulmonary disease) increase with age (Figure 2). Following cessation,
disease risk may change in diverse patterns, depending on the disease-specific
mechanisms through which cessation alters disease occurrence. Disease risk may be
unaltered (Curve A), decline quickly or slowly compared with that for never smokers
(Curve C). or decline to a level between that of never and persistent smokers (Curve B)
(Figure 2). Comparing the disease risk tfor former smokers with the risk for persistent
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smokers describes the disease burden removed by cessation: whenever possible, this
Report provides this comparison. For many diseases. risks for former smokers do not
revert 1o those for never smokers. Relative risks for former smokers compared with
never smokers describe the persisting consequences of past active smoking.

Thus, instudies concerning the consequences of smoking cessation, the analytic focus
1s on describing disease incidence after cessation in relation to either the incidence of
disease in never smokers or in smokers who do not stop smoking. Interest centers on
addressing several questions: In a population that started smoking at a given age,
smoked at the same rate. and then quit at a given age, how does the disease rate evolve
as a function of time since quitting? In particular, how does the disease rate compare
with that of a population of lifelong nonsmokers of the same age or with that of a
population of smokers who continue to smoke at the same rate? How does the disease
rate after cessation depend on such factors as duration of smoking, number of cigarettes
smoked daily, age at starting, or other factors? These analytic questions are generally
addressed by estimating either the attributable risk (the difference between the risks for
exposed and nonexposed) or the relative risk (the ratio of the risks in exposed and
nonexposed) and comparing former smokers with either never smokers or current
smokers.

A cohort study that observed subjects from birth to death could supply the data
requisite for meeting these analytic goals. Observations could be made concerning the
age at starting smoking. the amount smoked. the age at stopping smoking. the duration
of time since stopping smoking, and the occurrence of disease. Incidence rates could
be calculated and the attributable risk or relative risk considered as a function of time
since quitting. To assess the effects of such factors as duration or amount of smoking.
smoking cohorts with different durations and rates could be analyzed.

Typically, however, cohort studies enroll subjects at various ages. and the smoking
histories of the subjects span a broad range of ages at starting smoking. durations of
smoking, amounts of smoking. ages at stopping smoking, and ages at observation. In
analyzing data from a cohort study. stratification and multivariate modeling are used
to describe the disease occurrence in former smokers in relation to the time interval
since cessation. New statistical methods have facilitated the analysis of longitudinal
data on cancer and other diseases (Breslow and Day 1987: Thomas 1988). The analytic
approach should provide control for the effect of changing disease risk with increasing
age: as duration of smoking abstinence increases. age and disease risk should be
compared with that of never or current smokers in the same age stratum.

However. some analytic approaches may introduce overadjustment for the time-
related dimensions of smoking history and of age and obscure the benefits of cessation.
Age at starting smoking. age at observation. durution of smoking. and duration of
abstinence are interdependent: specitication of any three of these variables fixes the
fourth. Assuming that current and former smokers of a given attained age started
smoking at about the same age. the duration of smoking among former smokers must
be less than for current smokers. Thus. adjustment for duration of smoking in compar-
ing current and former smokers is incorrect. Methods that attempt to allow each of
these four time-dependent factors to vary freely are inappropriate and provide biased
descriptions of the variation in risk following cessation (Brown and Chu 1987).
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Data from case—control studies can be used for the same analytic objectives. Infor-
mation on age at starting to smoke, duration of smoking. duration of abstinence, and
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number of cigareties smoked can be obtained retrospectively. Conventional analytic
methods enable calculation of odds ratios by time since quitting, which estimate the
ratios of incidence rates; the reference group for former smokers can be either never
smokers or current smokers.

Risk of disease for former smokers changes because exposure to active smoking
ceases: for some diseases, the exposure of interest in assessing the health consequences
of cessation is the subsequent tobacco exposure experienced by continuing users but
avoided by former smokers. Some analytic methods may not address adequately this
avoided exposure. For example, using variables for cumulative exposure combines the
additional exposure for the continuing smoker with the consumption to the point of
cessation for the abstinent smoker. If repair processes affect disease risk after cessation.
then the interval of abstinence is also a relevant exposure parameter. Thus, regardless
of the type of data analyzed. the method of analysis should properly represent the
underlying biologic process.

SUMMARY

Correct classification of smoking status is important to determine accurately the
effects of cessation. Smoking cessation is a dynamic process in which smokers progress
through a series of stages in an effort to quit smoking. These stages have been labeled
differently by various investigators. The model generating the most research refers to
the stages as precontemplation, contemplation. action, and maintenance and/or relapse.
Very few smokers progress through these stages linearly. because most smokers relapse
and recycle through the stages three or four times before attaining long-term main-
tenance.

Four common types of studies for assessing the health consequences of smoking
cessation are vulnerable to various sources of information bias leading to misclassifica-
tion of smoking status. Cross-sectional surveys have a relatively low frequency of
misreporting: however, recall of duration of abstinence is vulnerable to error. A
case—control study. because of its retrospective nature, is possibly more likely to have
misreporting of smoking status in diseased cases than in nondiseased controls. Cohort
studies are likely to have low rates of misreporting of initial smoking status but high
rates of misclassification due to changes in smoking status over time. Clinical trials
are likely to have high rates of misreporting for subjects receiving intensive clinical
interventions. However. such trials should have relatively little misclassification of
smoking status over time and provide more accurate assessment of duration of
abstinence when regular followups are maintained.

Misclassification of smokers as former smokers will have the effect of under-
estimating the benefits of smoking cessation when a true effect exists. The extent of
the bias is proportional to the degree of misclassification. Any specificity added to
measurement by validation measures will diminish the misclassification bias.
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CONCLUSIONS

. Most former smokers have cycled several times through the process of smoking

cessation and relapse before attaining long-term abstinence. Any static measure of
smoking status is thus a simplification of a dynamic process.

. In studies of the health effects of smoking cessation. persons classified as former

smokers may include some current smokers. Consequently. the health benetits of
smoking cessation are likely to be underestimated.

. In contexts other than intervention trials. self-reported smoking status at the time of

high concordance supports self-report as a valid measure of smoking status in
observational studies of the health effects of smoking cessation.
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CHAPTER 3
SMOKING CESSATION AND OVERALL
MORTALITY AND MORBIDITY
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INTRODUCTION

The overall risk of mortality among smokers has been discussed in several prior
reports of the Surgeon General (US PHS 1964, 1969; US DHEW 1979: US DHHS
1989). The 1989 Report estimated that approximately 390.000 Americans died in 1985
from diseases attributable to smoking (US DHHS 1989). Another source (Mattson,
Pollack, Cullen 1987) estimated that 36 percent of heavy smokers aged 35 will die
before age 85, and 28 percent before age 75. from a disease caused by smoking. Prior
reports of the Surgeon General (US PHS 1968 US DHEW 1979: US DHHS 1989) have
reviewed the association of smoking with overall morbidity. concluding that overall
morbidity is increased among smokers. Quantitative estimates of the amount of
morbidity attributable to smoking vary because of differences in the measures of
morbidity used.

Data from the aggregate of studies of overall mortality and morbidity among smokers
and former smokers show that smoking causes increased risk of morbidity and mor-
tality. However. the temporal pattern of the reduced all-cause mortality after quitting
and the effects on mortality risk of quitting at various ages have not been fully described.
In addition, questions about the benefits of smoking cessation for mortality have arisen
because of the results of studies involving interventions to promote smoking cessation.
The association of smoking with medical care utilization is a topic that has not been
addressed in detail in previous reports of the Surgeon General.

This Chapter reviews studies of overall mortality among former smokers, with
particular attention to the temporal pattern of decline in mortality after quitting and the
association of age at quitting with decline in mortality. Overall mortality in intervention
studies that include smoking cessation is discussed with attention to problems of
inferring the benefits of smoking cessation for the individual from these studies. Studies
of medical care utilization by and health status of former smokers are described.

SMOKING CESSATION AND OVERALL MORTALITY
IN COHORT STUDIES

Table 1 sumimarizes the results of major cohort studies comparing overall mortality
among never, current, and former smokers. The studies consistently showed a substan-
tially lower risk of mortality among former smokers in comparison with continuing
smokers. Compared with continuing smokers, former smokers had a progressive
decline in mortality risk as duration of abstinence increased. although risk in some
studies was increased for 1 to 3 years after cessation, almost certainly because some
people quit due to ill health (Chapter 2).

The durations of abstinence required for former smokers to reach the mortality risk
of never smokers differ among studies. The American Cancer Society (ACS) study of
1 million American volunteers (Hammond 1966). also known as the 25-State Study and
as the Cancer Prevention Study I (ACS CPS-1), found that after 10 years, mortality rates
among former smokers of fewer than 20 cigarettes per day reached levels equivalent to
those of never smokers. Among former smokers of 20 cigarettes or more per day.
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TABLE 1.—Summary of longitudinal studies of overall mortality ratios relative to never smokers among male current and former
smokers according to duration of abstinence (when reported)

. Current Former smokers
Study smokers Duration of abstinence (yr)

All 14 5-9 1015 =15
British Physicians® 1.8 1.5 1.5 1.3 1.1
(Doll and Peto 1976)
ACS Cps-I" 119 cig/day 1.72 1.44 1.34 1.01
(Hammond 1966) 2039 cig/day 1.92 1.96 1.48 1.31
U.S. Veterans' 10 20 cig/day 1.82 1.87 1.24 1.47
(Kahn 1966) 21 39 cig/day 204 2.08 1.88 1.22
Swedish study 1-7 g/d;l)"I 1.21 1.08
(Carstensen. Pershagen. 8§-15 g/duy‘I 1.35
Eklund 1987y >15 pfday” 1,70

<§ >5

Australian 1- 19 cig/day 1.45 1.60 0.93
petrochemical 20-29 cig/day 209 1.55 0.90
workers® (Christic et al, 230 cig/day 210 [.58 0.92
1987)
Framingham 1.47 0.84

(Gordon. Kannel.
McGiee 1974)
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TABLE 1.—Continued

Former smokers
All durations

Current Temporary Persistent
Study smokers quitters quitters
California HMO' 1.82 151 113

(Friedman et al. 1981)

NOTE: Al mortality ratios are relative to never smokers, ACS CPS-I=American Cancer Society Cancer Prevention Study 1 HMO=Health Maintenance Organization.
“Age-adjusted.

"Aged 50-74.

“Aged 54-64,

“Tobacco consumption in g/iday.

“Former smokers are those with sustained abstinence.

"Persistent quitters are those with sustained abstinence.



mortality risk was still higher than that of never smokers even after 10 years of
abstinence.

The more recent ACS study. ACS CPS-II. is designed similarly to CPS-I1. Re-
searchers enlisted 77.000 volunteers, who then solicited their friends. neighbors, and
relatives to participate in the study. Those enrolled completed a four-page confidential
questionnaire on medical history, health behaviors, medication use. and occupational
exposures (Stellman and Garfinkel 1986: Garfinkel and Stellman 1988). A total of
521,555 men and 658.748 women were enrolled; 4-year followup data (1982-86) on
the cohort were included in the 1989 Surgeon General's Report (US DHHS 1989).

In this Report, mortality rates for all causes of death from the ACS CPS-II were
calculated using updated data for the same 4-year followup period (Table 2). Rates
were calculated by gender in 5-year age groups for current and former smokers
according to level of cigarette consumption (1-20 cig/day, 221 cig/day for males; [-19
cig/day, 220 cig/day for females). Rates for former smokers were further stratified by
years since smoking cessation (<1, 1-2, 3-5,6-10, 11-15, and 216). Slightly different
strata were used for men and women with respect to daily cigarette consumption in
order to provide suitable distributions of subjects across categories of smokers and
ex-smokers.

TABLE 2.—Overall mortality ratios among current and former smokers,
relative to never smokers, by sex and duration of abstinence at date
of enrollment, ACS CPS-I1

Former smokers
Duration of abstinence at enroliment (yr)

Current

smokers <l 1-2 3-5 6-10 11-15 216
Males
1-20 cig/day 2.22 249 2.38 2.03 1.63 1.38 1.06
22| cig/day 243 277 2.64 225 2.04 1.77 1.27
Females
1-19 cig/day 1.60) 1.58 1.96 141 114 1.10 1.01
220 cig/day 2.10 3.39 2.5% 203 1.60 1.3%8 1.15

Former smokers excluding those with cancer, heart disease, or stroke
and those “sick” atinterview
Duration of abstinence at enrollment (yr)

Current

smokers <l 1-2 3-5 6-10 1-15 >16
Males
1-20 cig/duy 2.34 2.06 2.05 1.89 1.48 1.29 1.01
221 cig/day 273 1.85 218 1.90 1.77 1.65 1.19
Females
1-19 cig/day 1.82 0.76 1.26 1.42 1.01 1.09 1.00
220 cig/day 2.46 333 218 1.44 1.46 118 0.95

NOTE: Montality ratios are relative to those of never smokers. ACS CPS-{l=Amencan Cancer Societs Cancer
Prevention Study 1l
SOURCE: Unpublished tabulations. Amencan Cancer Society
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In this analysis, subjects who had quit smoking were assigned to the duration of
abstinence category appropriate for when they enrolled in the study. This method of
assignment tends to blunt the rate of decline of mortality risk according to duration of
abstinence when compared with never smokers because former smokers do not change
categories as duration of abstinence lengthens. No attempt was made in this study to
determine smoking status after enrollment. and persons who had quit at enrollment but
had resumed smoking were still considered former smokers. Likewise, persons who
smoked at enrollment but subsequently quit remain assigned to the current smoker
category. This probably leads to some degree of misclassification and affects relative
risk estimates (Chapter 2).

Like ACS CPS-I and other cohort studies. mortality ratios were substantially lower
among former smokers than continuing smokers for all durations of abstinence except
that of 1 to 3 years. With the exclusion of those subjects who had a history of cancer.
heart disease, or stroke and those who said they were “sick™ at the time of recruitment.
mortality ratios were lower among former than continuing smokers for all durations of
abstinence, among males at all prior levels of cigarette consumption, and among
females who smoked fewer than 20 cigarettes per day before they quit.

The difference in the pattern of decline in overall mortality between all subjects and
the subset of subjects who were healthy at recruitment provides strong evidence that
recent quitters disproportionately include those who have quit because they are ill. In
contrast with ACS CPS-1, which was conducted in the early 1960s, mortality ratios
among both heavy and light smokers in ACS CPS-II remained substantially elevated
in comparison with those of never smokers 10 years after quitting. This increase was
evident in all subjects and in the subset of subjects who did not have a history of cancer,
heart disease, or stroke and who did not state that they were “sick™ when recruited.
Sixteen years after quitting, the mortality risk among male former smokers of fewer
than 21 cigarettes reached that of never smokers but remained elevated among former
smokers of 21 cigarettes or more. Among female former smokers in both categories,
mortality was comparable with that of never smokers after 16 years of abstinence.

The results of ACS CPS-II are broadly in agreement with those of the British
Physicians Study (Doll and Peto 1976; Doll and Hill 1964a,b) and the U.S. Veterans
Study (Kahn 1966; Rogot and Murray 1980). In both, the overall mortality risk among
former smokers remained elevated in comparison with that of never smokers up to 15
years after quitting, although the risk was substantially less than among continuing
smokers.

An Australian study of petrochemical workers (Christie et al. 1987) appears to differ
from the other cohort studies in finding that overall mortality risk among former
smokers reached that of never smokers 5 years after quitting. This study is unique in
that subjects classified as former smokers were all persistent abstainers.

The differences among other studies in estimates of the duration of abstinence needed
for a former smoker to have the same overall mortality risk as a never smoker are likely
to be due to other smoking-related factors, such as age at smoking initiation, that differ
among study populations and over time (Chapter 2). Irrespective of the duration of
abstinence needed to reach the mortality risk of never smokers, former smokers have
substantially lower mortality when compared with continuing smokers.
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For three representative age groups (50-54, 60-64, and 70-74 yr), Figure | shows
the relative risk of death among current and former smokers compared with never
smokers based on recent ACS CPS-11 data for the subjects who did not have cancer,
heart disease, or stroke and were not “sick™ at recruitment. Complete data from ACS
CPS-II on mortality in current, former. and never smokers aged 50-74 years are
presented in Table 7 of the Chapter Appendix. Data are not presented for those aged
less than 45 years and greater than 80 years because there were fewer than 10 deaths in
almost all of the categories of former smokers. In each of the age subgroups shown in
Figure 1, among both sexes and among former light and heavy smokers, mortality risk
relative to continuing smokers decreased with increasing duration of abstinence.

Using a method described by Kleinbaum, Kupper, and Morgenstern (1982). the data
from ACS CPS-II were also used to estimate the effects of quitting at various ages on
the cumulative risk of total mortality in a fixed interval after cessation. Several
assumptions have been made in conjunction with CPS-II age-specific mortality data in
order to estimate as many as 16.5 years’ risk of death from all causes for individuals
who continue to smoke and those who stop smoking. The first assumption is that
age-specitic mortality rates measured from 1982-86 CPS-II data remain constant for
the next 16.5 years. The first category of smoking cessation is 1-2 years: that is, the
individual gave up smoking 110 2 years ago. Itis assumed that. on average. respondents
in the 1-2-year category gave up smoking 1.5 years ago. Similarly, for the cessation
categories 3-5. 610, and 1115 years, the average durations of abstinence are 4. 8. and
13 years, respectively. It is further assumed that respondents are exposed to the
age-specific mortality rates of the age interval in which quitting occurs for 1.5 years
and to each of the next three age intervals for 5 years each, making a total of 16.5 years.
For example. a quitter of the 40—44-year interval would be exposed to the age-specific
mortality rates of the 40—44-vyear-olds for 1.5 years. to those of 45-49-year-olds for 5
years, to those of SO-34-year-olds for 5 vears, and to 55-59-year-olds for 5 years.

The results of this analysis. presented in Table 3 and in greater detail in Table 8 of
the Chapter Appendix, show that the benefits of cessation for total mortality extend to
quitting at older ages. For example. a healthy man aged 60-64 years who smokes 21
cigarettes or more per day is estimated to have a chance of dying in the next 16.5 years
of 56 percent if he continues to smoke and 51 percent if he quits. Quitting smoking at
younger ages confers even greater proportionate increases in survival (see Figure 2 of
the Chapter Appendix).

Framingham investigators recently analyzed data from their cohort (D Agostino et
al. 1989) and also found that the benefits of quitting apply to those who quit at more
advanced ages. These researchers estimated that mean additional life expectancy for
those who quit at ages 35 to 39 was 5.1 years for males and 3.2 years for females. For
those who quit at ages 65 to 69. additional lite expectancy was estimated to be 1.3 years
for males and 1.0 vear for females.

As discussed in detait in Chapter 2 and other chapters. smokers differ from non-
smokers in a variety of social. behavioral. and psychological characteristics. and
successtul quitters differ from those who continue to smoke (Rode, Ross. Shephard
1972; Blair et al. 1980: Haines, Imeson. Meade 1980:; McManus and Weeks [982:
Billings and Moos 1983: Gottlieb 1983: Brod and Hall 1984 Seltzer and Oechsli 1985:

80



MALES

Aged 50-54

RELATIVE RISK

Aged 60-64
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Duration of Abstinence (yr)
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FIGURE 1.—Compared with never smokers, relative risk of mortality in
current and former smokers aged 50-54, 60-64, and 70-74 at
enrollment, by amount smoked and duration of abstinence

SOURCE: Unpublished tabulations, American Cancer Society.
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Current Smokers <1 1-2 3-5 6-10 11-15 216
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FIGURE 1. (Continued)—Compared with never smokers, relative risk of
mortality in current and former smokers aged 50-54, 60—64. and
70-74 at enroliment, by amount smoked and duration of

abstinence
SOURCE: Unpublished tabulations, American Cancer Society.



TABLE 3.—Estimated probability of dying in the next 16.5-year interval for
quitting at various ages compared with never smoking and
continuing to smoke, by amount smoked and sex

Males
Age at 1-20 cig/day >21 cig/day
quitting or
at start of Never Continuing Former Continuing Former
interval smokers smokers smokers smokers smokers
40—44 0.05 0.11 0.05 0.14 0.07
4549 0.07 0.18 0.10 0.22 0.1
S50-54 0.11 0.27 0.17 0.31 0.21
55-59 0.18 0.39 0.28 0.46 0.33
6064 0.30 0.54 046 0.56 0.51
65-69 0.46 0.68 (.59 .67 0.64
70-74" 0.40 0.61 0.55 (.58 0.52

Females
Age at 1-19 cig/day 220 cig/day
quitting or -
at start of Never Continuing Former Continuing Former
interval smokers smol\er; smokers smokers smokers
4044 0.03 0.06 0.03 0.08 0.04
4549 0.04 0.09 0.06 0.13 .05
50-54 0.07 0.14 0.07 0.19 (.09
55-59 0.11 (121 0.12 0.27 Q.15
60-64 0.18 0.30 0.19 (.38 0.32
65-69 0.30 0.46 0.39 0.52 0.32
70-74 0.26 0.41 0.27 0.45 0.31

NOTE: Based on American Cancer Society Cancer Prevention Study 1 data for persons without a history of cancer,
heart disease. or stroke who were not "sick™ at enrollment.
Estimates for quitting at this age are estimates of the probability of dying in the next 12.5-vrinterval.

SOURCE: Unpublished tabulations, American Cancer Society.

Kaprio and Koskenvuo 1988). These differences may exist among adolescents prior
to initiation of smoking (Seltzer and Oechsli 1985). For these reasons, interpretations
of studies comparing these self-selected groups (never smokers, smokers, and quitters)
must consider the problem of confounding (Chapter 2). Misclassification. which is
discussed in detail in Chapter 2. also must be considered. However, studies of smoking
cessation predominantly misclassify persons who are still smoking cigarettes as former
smokers, and this would tend to obscure the benefits of cessation in comparison with
continued smoking. Further, although the possibility of uncontrolled confounding
needs to be considered in epidemiologic studies of smoking cessation and mortality.
the totality of data must be interpreted with consideration of its consistency. To account
for the evidence of a benefit of quitting that derives from nonexperimental cohort
studies. confounders would need to be distributed quite differently among current and
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former smokers and would need to be strong predictors of mortality. There is no
substantial evidence that this is the case.

SMOKING CESSATION AND OVERALL MORTALITY IN
INTERVENTION STUDIES

Five studies. four of which were randomized trials. evaluated overall mortality in
relation to interventions that included smoking cessation as a component. The results
of these studies are summarized in Table 4.

TABLE 4.—Summary of overall mortality ratios in intervention studies in
which smoking cessation was a component

. Ditference Mortahity
Study Intervention Subjects (age) in smoking ratio
Whitehall Civil Servants’  Smoking Males (40-59) “1a" 0.98
(Rose et al. 1982)
North Karelia Smoking. BP. Both sexes (35-64)  Males 3" 1.00° (males)
(Tuomilehto et al. 1986) diet Females -36" 094" (females)
Oslo” (Hjermann et al. Smoking. BP.  Males (40-59) —deiglday® 0.6%"
1981) diet
WHO" Smoking. BP.  Males (40-59) —8.94 0.97¢
(WHO European dret
Collaborative Group 1983)
MRFIT Smoking. BP.  Males (35-57) —13G° Lo 7yn
(MRFIT Research Group  diet 0.92 (10.5yn

1982, 1990)

NOTE: BP=blood pressure: WHO=World Health Organtzation: MREIT=Muluple Risk Factor Intervention 1nal
“Randomized trial

"Intervention minus control

"Change m mortality i rest of Finland/change in mortading in North Kareha

".\10!‘1@]”_\ umtervention/mortality i control,

Only one study examined smoking intervention alone (Rose and Hamilton 1978:
Rose etal. 1982). Of 1 445 male smokers, aged 40 to 59 and at high risk of coronan
heart disease (CHD) or chronic bronchitis. 7H4 were randomty assigned to an interven-
tion group and 731 to a normal care group. Men in the intervention group were given
individual advice to quit smoking. and if interested in quitting. up to four additional
visits over 12 months. At the 9-vear tollowup. 55 percent of responders in the
intervention reported abstinence compared with 41 percent in the normal care group.
After 10 years of tollowup. there were 123 deaths in the intervention group and 128 in
the normal care group. The proportionate difference in total mortality between the
intervention group and normal care group (=2 percent) wis not statistically signiticant.
but the confidence interval was wide (=22 percent o +23 percent). There were 81
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smoking-related deaths in the intervention group and 92 in the normal care group. The
proportionate difference in smoking-related deaths was -9 percent. Again the con-
fidence interval was wide (=31 percent to +20 percent). Twenty percent of the men in
the intervention group who quit smoking cigareties took up pipe or cigar smoking
compared with 3 percent of the men in the normal care group. and to the extent that
pipe and cigar smoking are mortality risk factors. any benefit of cessation of cigarette
smoking is obscured.

This trial is fargely uninformative as to the benetit or lack of benefit of smoking
cessation for total mortality because of the small number of subjects. The trial was
turther compromised by the relatively poor compliance ot the subjects with the
intervention: the net reduction in mean cigarette consumption over the 10 years of the
tfollowup among the intervention group compared with the normal care group was only
7.6 cigarettes per day.

Other intervention studies that allow assessment of the relation of smoking cessation
to overall mortality have involved multiple interventions aimed at reducing several
different factors for CHD. The ability to draw conclusions about the effect of smoking
cessation on overall mortality from these studies is quite limited for this reason.

The North Karelia study targeted a region of Finland that had the world's highest
CHD death rate at the time of the study’s initiation (Tuomilehto et al. 1986) and was
aimed at modifying smoking. cholesterol levels. and blood pressure. The rest of Finland
was used for comparison. Inthe 10 years after initiation of an aggressive risk reduction
program. there was a 35-percent decrease in smoking in North Karelia compared with
a 2-percent reduction in the rest of Finland (Salonen et al. 1989). Blood pressure and
cholesterol levels did not change significantly in the intervention area compared with
the rest of Finland. Total mortality in the intervention area in the 10 years after the start
of the study declined more rapidly than in the rest of Finland. although the difference
in the rate of decline in overall mortality was not statistically significant.

For at least two reasons, interpretation of the North Karelia study is problematic with
respect to the effect of smoking cessation on overall mortality. First, the study was
nonexperimental. with conclusions based on a comparison of total mortality in the study
area with that of Finland. During the study period. overall mortality also declined in
the rest of Finland. perhaps because of secular changes in other factors related 1o
mortality and to changes in medical care (Salonen et al. 1989). Second. the study was
not designed to investigate smoking cessation alone. Because of the mixing of inter-
ventions for three CHD risk factors, it was difficult to isolate the impact of the smoking
cessation component.

The Oslo study (Hjermann 1980: Hjermann et al. 1981; Holme 1982) involved 1,232
normotensive men at high risk for CHD because of their smoking behavior and
cholesterol levels. The men were randomly assigned either 10 receive interventions
aimed at reducing both CHD risk factors or to a control group. Tobacco consumption,
including pipe and cigar smoking, fell 45 percent more in the intervention group than
in the control group.

There was also a mean difference of 13 percent in serum cholesterol between the
intervention and control groups over 5 years (Hjermann et al. 1981). The study was
small. and it was not designed to examine total mortality endpoints; only 42 deaths were
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observed. Nevertheless, the mortality rate in the intervention group was one-third lower
than in the control group (one-sided p value=0).12). Because there were changes in both
smoking and cholesterol levels, the difference in mortality cannot be attributed entirely
to smoking cessation.

The World Health Organization (WHO) European Collaborative Group conducted
an intervention study in factories in four European countries (WHO European Col-
laborative Group 1983). The study involved random allocation of 66 factories that
employed 49,781 men aged 40 to 59 to an intervention program targeting smoking.
cholesterol level. and blood pressure or to a control group. After 4 years, the net
reduction in mean cigarettes per day in the intervention factories was 8.9 percent (WHO
European Collaborative Group 1983). At 6 years, overall mortality in the intervention
factories was 4.04 percent: in the control factories. it was 4.15. The difterence was not
statistically significant.

The Multiple Risk Factor Intervention Trial (MRFIT) was a randomized study of
more than 12,000 American men, aged 3510 57 at entry, who were at high risk for CHD
on the basis of their smoking behavior. blood pressure. and cholesterol levels (MRFIT
Research Group 1982). Men in the special intervention group received an intensive
intervention aimed at reducing blood pressure and cholesterol and encouraging smok-
ing cessation. Men in the usual care group were referred to their physicians and
examined annually. The interventions continued over the entire course of the study.
At 6 years, 44.4 percent of special intervention smokers and 25.8 percent of the usual
care smokers reported cessation. In the 7-year followup data reported in 1982, there
was no difference in total mortality between the special intervention and usual care
groups (MRFIT Research Group 1982). However. in the 10.5-yeur followup data of
MRFIT participants, overall mortality for the special intervention participants was 7.7
percent lower than for the usual care group (one-sided p value=0.10. 90-percent
contidence interval (Cl). =16.6 to +2.3) (MRFIT Research Group 1990).

A subgroup of MRFIT special intervention participants. who were hypertensive, had
resting electrocardiogram abnormalities. and comprised 31 percent of the special
intervention group. may have suffered excess mortality as a result of an unanticipated
adverse effect of one of the antihypertensive drugs (Cutler. MacMahon. Furberg 1989).
This has recently been suggested as an explanation for the absence of an overall
difference in mortality between the special intervention and usual care groups at the
7-year followup (MRFIT Rescarch Group, submitted tor publication).  Furthermore.
Ockene and coworkers (1990) recently reported that at 10.5 vears. MRFIT participants
who quit smoking had signiticantly lower death rates than those who continued to
smoke in both special intervention und usual care groups. Most important. like the other
multitactor intervention trials. it is difficult to infer a benefit or a lack of benefit of
smoking cessation for total mortality from this study.

In summary. studies involving smoking cessation interventions include a randomized
trial in which smoking cessation was the sole intervention and three intervention studies
in which it was a component. The small size of the former and the mixing of a smoking
intervention with other interventions in the latter make it impossible to reuch con-
clusions about the benefits of smoking cessation trom these studies alone: however.
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nonintervention {i.e.. cohort) studies described in the previous Section clearly indicate
a benefit of smoking cessation on overall mortality.

SMOKING CESSATION AND MEDICAL CARE UTILIZATION

Population Projections

The relationship between smoking cessation and medical care utilization is acomplex
issue. Data on differential disease and mortality rates comparing smokers and
abstainers are abundant. and many investigators have used these data to project the
savings in dollars attributable to smoking cessation (Weinkam. Rosenbaum. Sterling
1987 Leu and Schaub 1983: Luce and Schweitzer 19781 Oster. Colditz, Kelly 1984y,
Generally. these projections produce results that depend on the many assumptions of
the models that create them. For example. Luce and Schweitzer (1978) projected that
the total 1976 dollar cost of smoking in the United States was about $27.5 billion and
that excess medical care costs accounted for about $8.2 billion of those costs.
Weinkam. Rosenbaum. and Sterling (1987) and Leu and Schaub (1983). both using
population simulation approaches. concluded that smoking does not. over a lifetime.
lead to increased medical care utilization. This is because the short-term higher levels
of utilization of smokers are approximately balanced by shorter longevity and the
resulting reduced need tor medical cure.

Oster. Calditz, and Kelly (1984) used population projections to estimate the medical
care costs of smoking and the proportion of those costs that are potentially recoverable
depending on the age at which smoking is given up and the level of smoking prior to
quitting. Male light smokers (<I pack/day) who quit between ages 35 and 39 were
estimated to recover about 59 percent of their lifetime excess medical care costs. Even
it quitting was delayed until ages 75 to 79. light smokers were estimated to recover
one-third of the costs. For heavy smokers. quitting earlier was estimated to have
somewhat more benefit. For both sexes and all levels of smoking. medical care cost
savings from smoking cessation were estimated to be substantial.

Observational Studies

Table 5 summarizes studies that directly measured utilization of medical services by
current smokers. former smokers. and never smokers. These studies suggest that
smoking is associated with higher utilization of hospital services and that former
smokers experienced a brief period of increased utilization of hospital services just after
quitting followed by declines in utilization to levels of never smokers. Modest increases
in outpatient utilization by smokers are to some degree offset by a decreased propensity
to use preventive care services (Marsden. Bray. Herbold 1988; Vogt and Schweitzer
1985; Oakes et al. 1974).

SMOKING CESSATION AND HEALTH STATUS

Table 6 summarizes studies of smoking cessation and health status. The variety of
measures used makes direct comparison across studies problematic. Furthermore. in
most cases. only a comparison of measures for never. current. and former smokers is
available. Because some smokers quit due to iliness and because most studies fail to
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TABLE 5.—Summary of studies of medical care utilization among smokers and

former smokers

Measure of
medical care

Reference Population utilization Results
Ashford 75.500 residents of Physician No consistent differences in any
(1973) Exeter visits. home measure of utilization between former

Oakes et al.
(1974)

Marsden, Bray.
Herbold (1988)

Vogtand
Schweitzer
(19%85)

Newcomb and

Bentder t1987)

Freehom et al.
t199(0))

2.557 HMO members
in California

1985 worldwide
survey of alcohol
and drug use by
military personnel

2582 HMO
members in Oregon

654 adulis aged 21-24.

in Los Angeles

312 aduhs aged 2635 in
an HMO in Oregon

Visits,
hospitalization

Physician
visits.
hospitalization

Physician
visits, days
hospitalized

Days
hospitalized.
physician visits

Nights
hospitalized.
physician visits

Ambulatory

Care use

smokers and current smokers.

Male former smokers have more
physician visits than current smokers:
female tormer smokers have more
physician visits than current smokers.
Male former smokers are less likely than
current smokers to be hospitalized:
hospitalization among female former
smokers compared with current smokers
varies with age.

Physician Days
visits  hospitalized®
Nonsmokers 2.41 0.64
Smokers
<0.5 ppd 237 0.82
1 ppd 2.56 (.68
>1.5 ppd 316 0.99

Former smokers have lower mean
number of hospital days than current
smokers after adjustment for age. sex.
duration of membership. and alcohol

use. Total physician visits are higher
among former smokers than current
smokers atter adjustment tor age. sex.
duration of membership. and alcohol use.

Adolescent smoking is refated to
spending more nights in the hospital and
having more physician visits for illness
during early adulthood.

Smokers consistently are more often in
upper tertile of care utilization.

NOTE: ppd=packs/day s HMO=Health Mumntenance Orgunzanion,

“Mean

identity the reasons for quitting. the relation between quitting and health status may be

obscured in studies that classify persons as former and current smokers (Chapter 2). A
few studies differentiate between short-term abstainers (<1 yriand long-term abstainers
(>1 yr). and these studies are highlighted.
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Data from the National Center for Health Statistics (US DHHS 1980) suggest that
former smokers have fewer illness days than continuing smokers, particularly among
younger women. Gallop (1989) found that former smokers have absentee rates between
those of current smokers and never smokers.

Segovia, Bartlett, and Edwards (1989) conducted a telephone survey of 3,300 adults
and found a strong relation between smoking status and the reporting of good health.
Persons who had quit smoking for more than 1 year reported good health with about
the same frequency as persons who smoked only 1 to 5 cigarettes per day, whereas those
who had quit for less than 1 year reported good health at a frequency comparable with
smokers of 16 to 20 cigarettes per day. Balarajan. Yuen, and Bewley (1985) examined
the associations among various levels of smoking, recent and former cessation, and
presence of acute and chronic illness, medical office visits, and doctor consultations.
Current smokers had a higher prevalence of acute and chronic illness, and rates varied
in relation to the amount smoked. Former smokers who had quit in the year prior to
the survey had higher rates of illness compared with continuing smokers, and former
smokers who quit more than 1 year prior to the survey had rates between those of never
smokers and smokers of 20 cigarettes or more per day.

Reed (1983) found no difference in general physical health status between current.
former, and never smokers, not otherwise defined. Seidell and colleagues (1986)
examined the number of reported health complaints, out of an inventory of 51 possible
complaints, by smoking status and found that male, but not female, former smokers
reported fewer health complaints than smokers.

Astrand and Isacsson (1988) found that male employees of a pulp and paper plant
who smoked retired at an earlier age than nonsmokers. Data from the 1979 National
Health Interview Survey indicate that smokers have more restricted activity days, more
bed disability days, more hospital days, more physician visits, and an increased
probability of being unable to work or keep house, than nonsmokers (Rice, Hodgson,
Sinsheimer 1986). Analyses of data for the 1976-80 Health Interview Surveys showed
that smokers have a 55 to 75 percent excess in days with respiratory conditions
associated with reduced activity (Ostro 1989). Smokers experience more school
absences (Charlton and Blair 1989; Alexander and Klassen 1988) and work absenteeism
(Andersson and Malmgren 1986; Coughlin 1987; Hendrix and Taylor 1987: Gallop
1989) than do never smokers. None of these studies reported information on former
smokers.

These studies are extremely heterogeneous, with some methodologic shortcomings
(Chapter 2). Furthermore, smoking is associated with other behaviors that may affect
health (Pearson et al. 1987; Stephens 1986}, and the studies do not adjust for changes
in otherrisk variables, such as increased exercise, that might be associated with smoking
cessation. Taken together, however, the studies are consistent with the hypothesis that
smoking cessation produces improvements in health status. This conclusion is evident
particularly when considering that smoking-related morbidity is a powerful motivation
to quit smoking and that recent quitters are likely to be sicker than continuing smokers.

&9



06

TABLE 6.—Relation of smoking cessation to various measures of general health status

Reference

Population

Health status
measure

Results

Current smokers

Former smokers

Never smokers

US DHHS
(1985)

Reed
(1983

Balarajan,

Yuen, Bewley

(1985)

Seidell et al.
(1986}

Representative sample of
US population

450 employees offered
subseription to an HMO

Household survey of
residents of Great Britain

1.245 persons i a
morbidity registry

Days of work lost
due to iliness

General physical
health status

Self-report of itlness and
physician visits

Number ot health
complaints

Females
220 yr 1.00° 0.82"
20-44 yr .00 0.79
45-64 yr 100" 0.91
Males
220 yr 1.00* 103"
2044 yr Loo* 092
1564 yr Loo* 1.05
0.50° 0.52°
Cig/day Quit Quit
1-9 1019 220 >lyr <lyr
Chronic illness o7t 1 e 143 26t
Acute illness 1.03 1.09 1.29 1.1 1.48
Outpatient visit 146 146 143 1.40 125
Physician 112 108 109 .19 1.47
consultation
Cig/day
<10 210
Females 9.6 11.6 10.2
Males 9.0 9.6 6.8

0.86"
0.79
1.00
0.79"
(.86
0.66

0.49°

1.0
1.0
10
Lo

9.0
7.3
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TABLE 6.—Continued

Results
. Health status
Reference Population measure Current smokers Former smokers Never smokers
Cig/day Quit Quit

11-15 21-25 >3] <lyr >lyr
Segovia, Telephone survey of Self-report of “good health™ 418 2.00° 1.46° 3420 5 6.14°
Bartlett, representative sample
Edwards US adults
(1989)
Gallop Workers in the Work absences .25 1.09' 1.00*
(1989) pulp/paper industry

“‘Referrent.

oy o
"Ratio compared with current smokers.
“Mean ridit score adjusted for age and sex.

Odds ratio compared with never smokers and adjusted for age. sex. and socioeconomic status.

“Log odds of self-report of good health.
'Ratio of absences compared with never smokers,
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CONCLUSIONS

. Former smokers live longer than continuing smokers. and the benefits of quitting

extend to those who quit at older ages. For example, persons who quit smoking
before age 50 have one-half the risk of dying in the next 15 years compared with
continuing smokers.

Smoking cessation at all ages reduces the risk of premature death.

Among former smokers, the decline in risk of death compared with continuing
smokers begins shortly after quitting and continues for at least 10 to 15 years. After
10 to 15 years of abstinence, risk of all-cause mortality returns nearly to that of
persons who never smoked.

. Former smokers have better health status than current smokers as measured in a

variety of ways, including days of illness, number of health complaints, and
self-reported health status.
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TABLE 7.—Age- and sex-specific mortality rates among never smokers, continuing smokers, and former smokers by amount
smoked and duration of abstinence at time of enroliment for subjects in ACS CPS-II study who did not have a history
of cancer, heart disease, or stroke and were not sick at enrollment

Males Former smokers (1-20 cig/day)

Duration of abstinence (yr)

Never Current
Age smokers smokers <] 1-2 3.5 6-10 [1-15 >16
4549 186.0 4392 2344 365.8 159.6 2169 167.4 159.5
50--54 255.6 702.7 5447 431.0 454.8 349.7 214.0 250.4
55-59 1489 1.132.4 945.2 7288 729.4 590.2 447.3 436.6
60-64 733.7 1.981.1 1.177.7 1.589.2 1.316.5 1.266.9 875.6 703.0
65-69 1.119.4 3.003.0 22449 3.380.3 23749 1.820.2 1.669.1 1.159.2
70-74 2.070.5 4.697.5 4.255.3 5.083.0 4.485.0 3.888.7 3.184.3 2.1949
75-79 36753 7.340.6 5.882.4 6,597.2 7.707.5 4.945.1 5,618.0 41289
Males Former smokers (221 cig/day)

Duration of abstinence (yr)
Current

Age smokers < 1-2 3-5 6-10 11-15 216
4549 610.0 497.5 251.7 417.5 122.6 198.3 193.4
S0-54 915.6 4828 S00.7 4889 4029 3939 3543
55 59 1.391.0 1.757.1 953.5 1,025.8 7440 668.5 537.8
60 64 23934 1.578.4 1.847.2 1.790.1 1.220.7 1.100.0 993.3
65 6y 34979 23018 3.776.6 2081.0 2.766.4 2.268.1 1.230.7
70 74 58613 31746 29740 37129 39888 3.268.6 2.468.9

75 79 6.250.0 4.000.0 44248 7.329.8 6.383.0 7.666.1 5.048.1
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TABLE 7.—Continued
Females Former smokers (1-19 cig/day)
Duration of abstinence (yr)
Never Current
Age smokers smokers <l 1-2 3-5 6-10 11-158 216
45-49 125.7 225.6 0 4339 212.0 107.2 1359 91.0
50-54 177.3 3538 116.8 92.1 289.5 200.9 121.3 172.1
55-59 244% 5428 2874 259.5 3759 165.8 2022 247.2
60-64 3977 858.0 1.016.3 365.0 650.9 470.8 570.6 319.7
65-69 6921 1.496.2 1.108.0 1.348.5 1.263.2 864.8 586.6 618.0
T0-74 1.160.0 20848 6452 1.483.1 1.250.0 1.126.3 1.070.5 1.272.1
75-79 2.070.8 33198 0 2.580.6 2.590.7 3,960.4 1.666.7 1.861.5
Females Former smokers (220 cig/day)
. Duration of abstinence (yr)
Current
Age smokers <l 1-2 3-5 610 1115 zl6
45-49 2779 266.7 102.7 178.6 2247 142.1 1388
50-54 S179 138.7 466.8 2701 190.2 116.8 83.0
55-59 ®23.5 473.6 602.0 361.0 454.5 4122 182.1
60-64 1.302.9 1.114.8 8621 699.6 541.7 3731 356.4
65-69 1.934.9 2.319.6 1,250.0 1,688.0 828.7 797.9 S81.5
70-74 2.827.0 4,635.8 2517.2 1.687.3 28487 1,621.2 1,363.4
75-79 4.273.1 2.409.6 5.769.2 3.125.0 2978.7 2.803.7 21954

NOTE: Mortality rates are per 100,000 persons. ACS CPS-H=Amercan Cancer Society Cancer Prevention Study 11

SOURCE: Unpublished tabulations, American Cancer Society,



TABLE 8.—Estimated probability of dying in the next 16.5-year interval

(95% CI) for quitting at various ages compared with
never smoking and continuing to smoke, by amount smoked and sex

Males
Age al 1-20 cig/day 221 cig/day
quitting
or at start Never Continuing Former Continuing Former
of interval smokers smokers smokers smokers smokers
40-44 0.05 0.1] 0.05 0.14 0.07
(0.04-0.05) (0.10-0.12) (0.04-0.06) (0.13-0.15) (0.06-0.09)
45-49 0.07 0.18 0.10 0.22 0.1
(0.07-0.08) 0.17-0.19) (0.08-0.11) (0.21-0.23) (0.10-0.13)
50-54 0.11 0.27 0.17 0.31 0.21
(0.11-0.12) (0.26-0.28) (0.15-0.19) (0.30-0.33) (0.18-0.23)
55-59 0.18 0.39 0.28 0.46 0.33
(0.17-0.19) (0.38-0.41) (0.25-0.31) (0.43-0.48) (0.30-0.37)
60-64 0.30 0.54 0.46 0.56 0.51
(0.28-0.31) (0.52-0.57) (0.42-0.50) (0.51-0.61) (0.48-0.57)
65-69 0.46 0.68 0.59 0.67 0.64
(0.43-0.48) (0.64-0.72) (0.51-0.67) (0.57-0.78) 0.51-0.77)
70-74" 0.40 0.61 0.55 0.58 0.51
(0.38-0.43) (0.56-0.65) (0.45-0.64) (0.44-0.71) (0.32-0.72)
Females
Age at io/day ; ,
qugming 1-19 cig/day =20 cig/day
Or at start Never Continuing Former Continuing Former
of interval  smokers smokers smokers smokers smokers
4044 0.03 0.06 0.03 0.08 0.04
(0.03-0.03) (0.05-0.06) (0.02-0.04) (0.08-0.09) (0.03-0.05)
45-49 0.04 0.09 0.06 0.13 0.05
(0.04-0.04) (0.08-0.09) (0.04-0.07) (0.12-0.13) (0.04-0.07)
50-54 0.07 0.14 0.07 0.19 0.09
(0.06-0.07) 0.13-0.15) (0.05-0.09 (0.18-0.20) 0.07-0.11)
55-59 0.11 0.21 0.13 0.27 0.15
(0.11-0.1D) (0.19-0.22) (0.09-0.16) (0.25-0.29) (0.12-0.19)
6064 0.18 0.30 0.19 0.38 0.32
(0.18-0.19) (0.27-0.33) (0.13-0.25) (0.34-0.41) (0.24-0.39)
65-69 0.30 0.46 0.39 0.52 0.32
(0.29-0.31) (0.41-0.52) (0.26-0.52) (0.45-0.59) (0.17-0.47)
70-74" 0.26 0.41 0.27 0.45 0.31
(0.25-0.27) (0.35-0.47) (0.09-0.46) (0.37-0.53) (0.13-0.50)

NOTE: Based on American Cancer Society Cancer Prevention Study II data for persons without a history of cancer.,

heart disease, or stroke who were not “sick” at enrollment.

“Estimates for quitting al this age are estimates of the probability of dying in the next 12.5-yr interval.

SOURCE: Unpublished tabulations. American Cancer Society.

Cl=confidence interval.
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FIGURE 2.—Estimated probability of dying in the next 16.5-yr interval for
quitting at ages 55-59 compared with never smoking and
continuing to smoke, by sex

NOTE: Continuing and former smokers include only those smoking 221 (men) or 220 (women)
cig/day. Vertical bars represent 95% CI. the interval for female never smokers is not shown because it is
extremely narrow (11-11%). Based on American Cancer Society Cancer Prevention Study I data for
persons without a history of cancer, heart disease. or stroke who were not “sick™ at enrollment.

SOURCE: Unpublished tabulations, American Cancer Society, (see Table 8).
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LUNG CANCER

Epidemiologic studies have provided overwhelming evidence for a causal association
of cigarette smoking with lung cancer (US PHS 1964; US DHEW 1979: US DHHS
1989). The plausibility of this association is supported by the presence of numerous
carcinogens in tobacco smoke. Compared with the risk among never smokers. the risk
of lung cancer for smokers may be increased twentyfold or more for heavy smokers
(US DHHS 1989). Risk of lung cancer increases with the number of cigarettes smoked
daily and the duration of cigarette smoking: risk declines after cessation (US DHHS
1982, 1989). For example, in an analysis of data from the British Physicians Study.
Doll and Peto (1978) indicated that among subjects who persisted in smoking. lung
cancer incidence increased with the fourth or fifth power of the duration of smoking
and with approximately the square of daily cigarette consumption. In 1985, estimated
attributable risks of lung cancer from cigarette smoking were 90 percent for males and
79 percent for females in the United States (US DHHS 1989).

This Section considers the effects of cigarette smoking on the epithelium ot the
airways of the lungs, the site from which most lung cancers stem. and the evolution of
the smoking-related changes after cessation. The epidemiologic evidence on lung
cancer risk after smoking cessation is comprehensively reviewed; the change in risk
over time following cessation is described; and factors modifying the effect of cessation
are considered. The Section includes discussion of the application of multistage
modeling to data on smoking cessation.

Pathophysiologic Framework

Previous Surgeon General s reports have provided extensive reviews on carcinogenic
components of tobacco smoke and on experimental carcinogenesis with tobacco smoke
(US DHEW 1979; US DHHS 1982, 1986). Tobacco smoke contains numerous
carcinogenic agents with both initiating and promoting activity. Although the specific
mechanisms of respiratory tract carcinogenesis by tobacco smoke are not yet fully
characterized, the plausibility of the smoking—lung cancer relation has been considered
to be well supported by the available information (US PHS 1964: US DHHS 1982),

Carcinogenesis in the respiratory tract is widely considered to be a multistep process
involving sequential changes in a cell from the normal to the malignant state. Extensive
experimental and human evidence is consistent with the multistage hypothesis. and
application of the new molecular and cellular biology techniques to the study of lung
cancer is providing further insights into the genetic mechanisms underlying the
development of this disease (Birrer and Minna 1988). Experiments with animals have
shown that agents may initiate or promote cancer. In animal experiments involving a
sequence of exposures to agents, those agents that cause cancer when administered
initially are referred to as initiators, whereas agents that promote the growth of initiated
cells are referred to as promoters.

Diverse multistep models of carcinogenesis have been developed (Farber 1984). The
age—incidence patterns for epithelial cancers such as lung cancer, which show that the
rates usually increase as a power of age, are also consistent with a multistage process
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(Doll 1971: Doll and Peto 1978: Peto 1984; Day 1984). The bronchial epithelia of
sustained smokers show a progression of abnormality (Saccomanno et al. 1974). The
pseudostratified, ciliated epithelium becomes metaplastic and then dysplastic. Car-
cinoma in situ may develop and eventually become invasive (McDowell, Harris, Trump
1982). To the extent that cigarette smoking affects late as well as early stages in this
process, smoking cessation would be expected to have beneficial consequences on lung
cancer incidence. The epidemiologic evidence provides strong support for the an-
ticipated benefits of smoking cessation.

Cigarette smoking is associated with changes in the large and small airways, in the
respiratory epithelium and parenchyma. and in the numbers, type, and functional
capacities of inflammatory cells. The reversibility of these changes afier smoking
cessation is germane (o respiratory carcinogenesis and to the health consequences of
smoking cessation. This Section focuses on studies that have examined the effect of
smoking on the respiratory epithelium and on the cells in the lungs of current, former,
and never smokers. Additional relevant information is reviewed in Chapter 7 and in
previous reports of the Surgeon General (US DHHS 1984, 1986).

Smoking and Histopathology of the Airways

Extensive histopathologic evidence 1s available on the effects of smoking on the
airways of the lung. The association between smoking and premalignant changes in
the bronchial epithelium has been addressed by many investigators (US DHHS 1982).
Based on sequential examinations of exfoliative cytologic specimens from uranium
miners over a period of many years, Saccomanno and colleagues (1974) reported
evidence of squamous metaplasia progressing through increasing atypia to carcinoma
in situ and invasive bronchogenic carcinoma. Detailed observations have been made
on the histopathology of lung specimens obtained at autopsy (Auerbach et al. 1957,
1962a.b, 1963, 1964, 1972; Auerbach. Garfinkel, Hammond 1974).

In 1962, Auerbach and coworkers {1962a) reported that the frequency and intensity
of epithelial changes increased with the number of cigarettes smoked daily. In addition,
these investigators assessed changes following smoking cessation in postmortem
bronchial epithelial specimens from 72 ex-smokers and controls matched individually
with 2 controls per case (Auerbach et al. 1962b). One control was a current smoker
matched with an ex-smoker on age, occupation, residence, and smoking history. The
second control was a lifetime nonsmoker also matched with an ex-smoker on age.
occupation, and residence. Some type of epithelial abnormality was found in 98 percent
of histologic sections from current smokers. 67 percent from ex-smokers. but only 26
percent from never smokers. This pattern persisted for many specific types of epithelial
abnormalities including absence of ciliated cells. presence of atypical cells. and
presence of hyperplasia and goblet cells in glands (Table 1). The occurrence of
unciliated atypical cells. the most severe change before invasive carcinoma. was similar
among ex-smokers and never smokers but was considerably greater among current
smokers. The number of cells with atypical nuclei was reported to decrease with
increasing number of years since smoking cessation. When current smokers were
matched with former smokers of the same age at time of cessation. former smokers
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TABLE 1.—Histologic changes (%) in bronchial epithelium by smoking status

Smoking status

Current smokers Ex-smokers Never smokers
Sections with | or more epithelial lesions 97.8 66.6 25.7
Cilia present on 3 or more cell rows 927 57.3 12.1
Cilia absent 20.5 15.1 14.8
Atypieal cells present 93.2 6.0 1.2
Unciliated atypical cells 19.0 ’ 0.9 0.1

SOURCE: Auerbach ¢t al. (1962b).

showed fewer lesions. suggesting that the number of lesions decreased rather than
merely failed to increase after cessation of smoking.

Auerbach and colleagues (1964) also reported that among cigarette smokers. there
was a high degree of association between all types of histologic changes in the bronchi
and in the lung parenchyma. However, the lungs of ex-smokers were more similar to
those of never smokers than to those of current smokers with respect to cells with
atypical nuclei. In this study of 46 ex-smokers. 32 had few atypical cells in their
bronchial epithelium. Auerbach and associates (1964) suggested that with cessation of
smoking, cells with atypical nuclei gradually disappeared from the bronchial epithelium
and were replaced with normal cells.

Other Changes

Several reports have described levels of DNA adducts formed by the combination of
chemical carcinogens or their metabolites with DNA in the tissues of never, former,
and current smokers. Decline of DNA adduct levels in human lungs after smoking
cessation has been reported by Phillips and coworkers (1988). These investigators
utilized autoradiographs of chromatograms of 32P-postlabeled digests of DNA from
lungs of current, former, and never smokers. A linear relationship was observed
between number of cigarettes smoked per day and DNA adduct levels (Pearson
correlation coefficient, r=0.72, p<0.001). In addition. ex-smokers who had quit smok-
ing 1 to 3 months previously had adduct levels typical of the current smokers (12-14
adducts/10® nucleotides), whereas those who had not smoked for § years or more had
adduct levels similar to those of never smokers (1.7-4.9 adducts/10® nucleotides).
These investigators suggested that the reduced risk of lung cancer among ex-smokers
may be due to loss of the promutagenic lesions that initiate the process, in addition to
late-stage effects.

Randerath and colleagues (1989) also used a 32P—posllabeling assay to study DNA
damage in relation to cigarette smoking. Adduct profiles and levels were determined
in nontumorous surgical specimens taken from patients with lung or laryngeal cancer.
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Characteristic profiles were found in the laryngeal and lung tissues; levels of adducts
tended to increase with the amount of cumulative smoking. The study included only
three long-term former smokers with duration of abstinence ranging from 10to 14 years.
These subjects had low levels of adducts compared with current smokers.

Smoking Cessation and Lung Cancer Risk

Pattern of Changing Risk After Cessation

Numerous cohort and case—control studies have documented a reduction in the
relative risk of lung cancer among former smokers compared with current smokers,
The findings of selected studies are presented in Table 2. Former smokers in these
studies experienced a 10- to 800-percent increase in risk of lung cancer compared with
never smokers; however. compared with current smokers, former smokers showed a
20- to 90-percent reduction in risk.

The relative risk estimates provided in Table 2 group former smokers with varying
durations of abstinence from smoking. However, the number of years since cessation
has a strong effect on risk of lung cancer among former smokers; in studies assessing
risk by duration of abstinence. the reduced risk has been evident within 5 years of
cessation compared with continued smoking. and the benefit of cessation has increased
as the duration of abstinence lengthened. However. in most of the studies. the risk of
lung cancer among former smokers remained elevated above the risk among never
smokers, even in the longest periods of abstinence evaluated. In many studies. risks
among former smokers were higher than among continuing smokers during the first
few years after stopping smoking. This pattern of risk reflects cessation by individuals
who quit smoking because of symptoms and illness before the clinical diagnosis of lung
cancer (Chapter 2; Haenszel, Loveland. Sirken 1962; Doll and Hill 1964; Kahn 1966).

Table 3 summarizes standardized mortality ratios of lung cancer among former
smokers by years of abstinence. as reported in five cohort studies: British physicians.
U.S. veterans, Japanese males, and the American Cancer Society Cancer Prevention
Studies. ACS CPS-1 and ACS CPS-IL. These studies varied in the length of followup.
the extent of information obtained on smoking history. and the number ot lung cancer
cases. Compared with never smokers. former smokers who had been abstinent for 10
to 20 years or more showed a varying extent of risk reduction among the studies. In
the British Physictans Study. U.S. Veterans Study. and ACS CPS-II. former smokers
who had been abstinent for 15 years or more showed an 80- to 90-percent reduction in
risk compared with current smokers. The percentage reduction in risk was slightly
lower among the Japanese cohort and higher in ACS CPS-1.

Results from selected case—control studies are shown in Table 4. As in the cohort
studies, former smokers who had been abstinent the longest experienced increased risk
compared with never smokers. but substantially reduced risk in most studies compared
with current smokers.

Thus, reduction in risk of lung cancer after smoking cessation has been observed in
numerous cohort and case—control studies conducted in the United Kingdom (Doll and
Peto 1976: Alderson, Lee. Wang 1985), the United States (Kahn 1966: Hammond [966:
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TABLE 2.—Relative risks of lung cancer among never, former, and current smokers in selected epidemiologic studies

Smoking status

Reference Population Subgroup Never smokers Former smokers Current smokers
1-19 220 =19 >20
cigfday cig/day cig/day cig/day

Hammond (1966) ACS CPS-I 1.0 2.0 7.9 6.5 13.7

Kahn (1966) US veterans 1.0 47 109

Canadian Department of Canadian males 1.0 6.1 14.9

Nationat Health and Weltare

(1966)

Cederlof et al. (1975) Males 1.0 6.1 7.8
Females 1.0 1.5 4.5

Doll and Peto (1976) British male physicians 1.0 4.3 10.4

Doll et al. (1980) British female physicians 1.0 33 6.4

Wigle, Mao. Grace Alberta (Canada) cancer Males 1.0 6.5 10.4

(1980) patients Females 1.0 2.1 5.2

Wu et al. (1985) Los Angeles (CA) whites  Squamous 1.0 1.7 53
Adenocarcinoma 1.0 1.2 4.1

Carstensen, Pershagen. Swedish males 1.0 1.1 75"

Eklund (1987)

ACS ACS CPS-11 Males 1.0 R.Y 21.3

tunpublished Females £0 4.8 121

tubulations)

NOTE: ACS CPS-Tand HU=Amernican Cancer Saciety Cancer Prevention Studies [and 11
Y1524 cig/day.
"8 15 cig/day.



TABLE 3.—Lung cancer mortality ratios among never, current, and former smokers by number of years since stopped smoking
(relative to never smokers), prospective studies

Smoking status
and yr since

Reference Population stopped smoking Mortality ratios (N)* Comments
Dolt and Peto (1976) British male physictans Never smokers 1.0(7) 1951-71. 20-yr followup:
Current smokers 15.8 (123) data on former smokers in
Former smokers summary form
1-4 16.0(15)
5-9 59(12)
1H)-14 5.3(9)
=15 2.0(7)
Rogot and Murray (1980) US veterans” Current smokers 11.3¢2,609) 1954-69, 16-yr followup
Former smokers
1-4 18.8(47)
S-9 7.7 (86)
10-14 4.7 (100)
15-19 4.8(115)
220 2.1 ¢123)
US DHHS (1982) Japanese males Current smokers kR
Former smokers
1-4 47
5-9 25

210 1.4
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TABLE 3.—Continued

Smoking status

Reference Population and yr since Mortality ratios (N)" Comments
stopped smoking
Hammond {1966) ACS CPS-I males 1-19 220 1959-63, 3.5-yr followup,
cig/day clg/day men aged 50-69
Never smokers 1.0 (32) 1.0(32)
Current smokers 6.5 (8.0 13.7(351)
Former smokers
<] 7.2(3) 29,1 (33
-4 4.6 (5) 12.0(33)
5-9 LO 7.2(22)
210 0.401) L1S)
e , ) 1-20 »2]
:\agjiﬁzgs:ﬂmhcd ACS CPS-11 males cighday cig/day
Never smokers 1.0 (81) 1.0(81)
Current smokers 18.8 (608) 26.9 (551
Former smokers
<1 26.7(33) 50.7 (64)
1-2 22.4(7D 332017
3-S5 16.5 (82) 2(1.9 (96)
6-10 8.7 (80) 15.0 (106}
11-1S 6.0 (69) 12,6 (95)
216 RERRE=Y 5502
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TABLE 3.—Continued

Reference

Smoking status
Population and yr since
stopped smoking

Mortality ratios (N)*

o PP 1-19 220
ACS 4l}|1pl|hlnsIIC(l ACS CPS-II females cig/day cig/day
tabulations) - T
Never smokers LOCI81]) LOIRD
Current smokers 7.3(145) 16.3 (434

Former smokers

<1 79(5) 3433

1-2 9.1 (13) 19.5(42)

3-5 297 14.6 (42)

6-10 1.0(4) 9.1(32)

11-15 1.5(6) 5.9 (20)

216 1.4(23) 2.6 (18)

NOTE

Comments

"Number of observations.,

ACS CPS-Tand Tl=American Cancer Society Caneer Presention Studies 1and 11,

b, .
Includes dataonly for ex-crgarette smokers who stopped tor reasons other than physician’s order.
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TABLE 4.—Relative risks of lung cancer among former smokers, by number of years since stopped smoking, and current
smokers, from selected case—control studies

Reference

Population

Definition of
former smoker

Smoking status

and yr since

Graham and Levin
(1971)

Wigle, Mao, Grace
(1980)

Correa et al. (1984)

New York

Alberta, Canada, cancer
patients

Louisiana

At hospital admission

At interview

NR

stopped Results Adjustment”
Mules Crude
Never smokers 1.0
Current smokers 8.8
Former smokers
0-0.5 422
>().5-1 233
>1-3 10.0
>3-10 33
>10 1.3
Males Females Age and
Never smokers 0.1 (.2 cumulative
Current smokers 1.0 1o smoking
Former smokers
<2 24 09
29 0.7 [§)
1014 0.7 0.5
>15 0.2 04

Never smokers
Current smokers
Former smokers
3-5
6-20
>20

Mailes and females

1.0
126

7.7
7.0
39

Sex and age
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TABLE 4.—Continued

Reference

Alderson, Lee. Wang

(198S)

Gao et al. (198%)

Higgins. Mahan,
Wynder (198%)

Joly, Lubin,
Caraballoso (1983)

Population

United Kingdom

Shunghai

6 UIS cities

Cuba

Definition of
former smoker

At hospital admission

NR

Atleast 1 yrat time

of interview

NR

Smoking status

and yr since Results
stopped
Males Females
Never smokers 0.1 0.2
Current smokers 1.0 1.0
Former smokers
1-3 1.8 2.1
5-10 0.4 0.7
>10 0.3 0.3
Males Females
Never smokers 1.0 1.0
Current smokers 39 29
Former smokers
1-4 6.9 7.2
5-9 3t 39
210 1.1 2.2
Males
Never smokers 1.0
Former smokers
<10 1.9
1019 6.1
20~-29 37
230 1.9
Males Females
Current smokers 1.0 1.0
Former smokers
14 1.2 2.0
25 0.6 0.9

Adjustment”

Age

Age and

education

Duration of
smoking
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TABLE 4.—Continued

Reference Population

Lubin et al. (1984a) European case—control

study
Pathak et al. (1986) New Mexico
Damber and Larsson Sweden”

(1986)

Definition of
former smoker

At interview

At least | yr before
interview

NR

Smoking status
and yr since

stopped

Current smokers
Former smokers
1-4
5-9

10-14

15-19

20-24

225

Current smokers
Former smokers
5
10
20

Current smokers
Former smokers
1-5

610

>10

0.6
0.4
0.4
0.3

Results
Females

1.0

0.9

0.7

0.4

0.5

0.5

0.3
Males

>65

1.0

0.7

0.5

0.3
Males
9.5
7.5
30
20

Adjustment”

Duration of
smoking

Number of
cig/day

Age

NOTE: NR=not reported.
“Factors adjusted for in analysis by yr of smoking abstinence.
"Estimated from figure 4 of reference.



Graham and Levin 1971 Pathak etal. 1986). Canada (Wigle, Mao, Grace 1980). Europe
(Lubinetal. 1984a; Damber and Larsson 1986), Asia (US DHHS 1982; Gaoetal. 1988),
and Latin America (Joly. Lubin. Caraballoso 1983). Although only a few studies had
information on female former smokers, the pattern of risk reduction was similar to that
observed for males. Decrease in risk after smoking cessation also has been reported
for each of the major histologic types of lung cancer (Wynder and Stellman 1977 Lubin
and Blot 1984; Benhamou et al. 1985: Higgins and Wynder 1988) (Table 5 and Figure
1). Higgins and Wynder (1988) found that the decline in risk after cessation was more
consistent for Kreyberg I tumors (primarily squamous cell, smali cell, and large cell
cancers) than for Kreyberg Il tumors (primarily adenocarcinomas and bronchiolo-
alveolar carcinomas) (Figure 1). Smokers of filter and nonfilter cigarettes (Wynder and
Stellman 1979; Lubin et al. 1984b) and of other tobacco products (Joly, Lubin,
Caraballoso 1983; Lubin et al. 1984b; Damber and Larsson 1986; Higgins, Mahan,
Wynder 1988) have reduced lung cancer risk following cessation (Table 6). Although
the findings of the reviewed studies uniformly indicate lower risk among former
smokers, the magnitude and rapidity of the risk reduction with smoking cessation varies
among the studies. This variation has several potential explanations.

First, years of abstinence among those who stopped smoking for the longest time
interval varied from 5 to 25 years or more. Second, although former smokers have a
risk of lung cancer between those of continuing smokers and never smokers. the pattern
of declining risk as duration of abstinence lengthens has not been fully characterized.
The small number of former smokers in some studies limits the precision with which
the decline in risk can be described, particularly for the longer durations of abstinence.
Third. aspects of the active smoking history. including cumulative smoking exposure
up to the time of quitting, age at initiation. years of smoking. number of cigarettes
smoked per day. inhalation practices. types of cigarettes and other tobacco products
smoked, age at smoking cessation, and the reason for stopping, may modify the risk of
lung cancer after cessation (Chapter 4. see section on Effect of Antecedent Smoking
History). The varying extent to which these factors have been considered in analyzing
the effect of cessation may partially explain the differences in risk observed in former
smokers among the studies. As discussed below. failure to adjust for previous smoking
history may exaggerate the benefit of smoking cessation, but adjustment for cumulative
smoking history also may result in overadjustment of the risk estimate (Chapter 2).
Fourth, the studies vary in the definition of former or ex-smokers and in the analytic
treatment of former smokers wha have recently stopped smoking. In the case—control
studies, former smokers have been defined as individuals who were abstinent at the
time of interview. at the time of cancer diagnosis. or at some other reference point (e.g..
1 year before diagnosis of lung cancer and a comparable time for controls).

To reduce the bias introduced by quitting because of illness. former smokers who
stopped smoking after developing symptoms or disease may be excluded from analysis.
Information on the reason for cessation was collected only in some studies. and persons
with symptoms at cessation have not been handled uniformly in the published literature.
Finally, results of the relevant studies are not totally comparable because the risks of
former smokers were compared with those of never smokers in some studies and with
continuing smokers in others.
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TABILE 5.—Relative risks of lung cancer among never, current, and former smokers, by number of years since stopping smoking

and histologic type

Reference Population
W_\nd& and Stellman "6 US cities
(1979)

Benhamou et al. French males, European
(1985) case—control study

Lubin and Blot (1984) European case—control

study

Smoking status and yr
since stopped

Never smokers

Current smokers
Former smokers
1-3
-6

7-10

-5

=16

Never smokers
Former smokers
1-3
-6
7-10
=19
220

Current smokers
Former smokers
1-4
5-9

10-14

15-19

220

Males
Kreyberg type
| 11
1.0 1.0
323 10.7
53K 14.2
249 5.9
17.2 6.6
137 54
S.0 1.2
Males
Kreyberg type
[ 11
1.0 1.0
346 6.7
12.2 2.1
10,9 -
0.3 1.0
4.2 - -
Males
SQ ADENO
1.0 1.0
1.1 1.0
0.7 0.%
0.6 0.6
0.4 (.6
0.4 0.5

Histologic type

Females

Kreyberg type

I

1.0
10.5

i
SQ
10O

1.1
(19
0.4
0.4
0.3

11

“emales
ADENO
1.0

0.7
1.0
0.4
1.2

0.3

NOTE: SQ=squamous celt carcmona of the lung: ADENO=adenocarcinoma of the lung.
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TABLE 6.—Relative risks of lung cancer among never, former, and current smokers by types of tobacco products smoked

Reterence

Higgms, Mahan, Wynder (198%)

Lubin, Richter. Blot (1984)

Damber and Larsson (1986}

Population

6 US aities

European case—control
study

Sweden

Tobacco product

Cigarettes only
Cigars only
Pipes onty
Cigars and pipes
Mixed smokers

Cigars only

Mixed cigars and cigarettes
Pipes only

Mixed pipes and cigarettes

Cigarettes only”
Pipes only

Smoking status

Never smokers

1.0
1.0
1.0
1.0
1.0

Former smokers

6.9

28

0.7

2.4

5.1
Yr since stopped
14 25
0.6 0.7
4.4 0.9
2.0 0.9
1.2 0.8

Yr since stopped

1-10 >10
5.0 1.2
5.0 45

Current smokers

16.0
31
1.9
2.5

10.5

1.0
1.0
1.0
1.0

9.5
8.0

“Estimated from figure S of seference: reference group is never smohers.
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FIGURE 1.—Risk of lung cancer by number of cigarettes smoked per day
before quitting, number of vears of abstinence, sex, and histologic
types

SOURCE: Higgins and Wynder (1988).



Although this review has emphasized the results of cohort und case—control studies,
descriptive data on lung cancer mortality in the United States are consistent with a
beneticial effect of the declining prevalence of cigarette smoking. Devesa. Blot, and
Fraumeni (1989) described declining mortality rates for lung cancer at ages below 43
years. The decreases were greatest among white men but also occurred among white
women and blacks of both sexes.

Effect of Antecedent Smoking History

The preceding Section reviewed eptdemiologic studies describing the pattern of lung
cancer risk following smoking cessation. This Section considers factors related o
smoking that plausibly could modity the effect of cessation on lung cancer risk: these
factors include the duration of smoking. daily cigarette consumption, inhalation prac-
tices, types of tobacco products smoked. and age at cessation.

Duration of Smoking

Duration of smoking prior to cessation is a potentially important moditier of the
pattern of risk reduction in ex-smokers. Graham and Levin (1971) examined the risk
of lung cancer associated with increasing durations of abstinence and with stratification
by duration of smoking (<30 or 231 years and <40 or 241 years). The decline in risk
associated with stopping was greater for those who had smoked for shorter periods than
for those who had smoked for longer periods. Similar results were reported by Lubin
and colleagues (19844). who determined the risk of developing lung cancer by time
since stopping smoking (0. 1-4, 5-9_and 210 years) and total duration of smoking
(1-19,20-39. 3019, and 250 years). In each category of smoking duration. the risk
ot developing lung cancer decreased as the number of years since stopping smoking
increased. but the rate of decline was greater among those who had smoked for a shorter
time. Among men who had smoked for I to 19 years. the risk of developing lung cancer
after 10 years of abstinence dropped to less than one-third of that among current
smokers. On the other hand. tor men who had smoked 50 vears or more and stopped
for at least 10 vears. the risk was stitl 90 percent of that for men who continued to smoke.
This analysis. which matched for age and controlled tor both duration of smoking and
length of abstinence. introduces too many variables for the temporal dimensions of
cigarette use (Chapter 2). By simultaneously considering attained age. duration of
smoking. and length ot abstinence. the analyvtic model incorrectly forces former
smokers to have a vounger age of starting to smoke than current smokers.  In u
case—control study in Sweden. Damber and Larsson (1986) also found higher refative
risks among former smokers ot pipes and cigarettes who had smoked longer.

Brown and Chu (1987) suggested that tailure to adjust for previous duration of
smoking may result in risk estimates for former smokers that are too low and thus
exaggerate the benefits of smoking cessation. Based on reanalysis of data from the
large European case—control study. Brown and Chu (1987) reported that the correlation
between duration of smoking and time since stopping smoking forex-smokers was =0.6.
indicating that men who had stopped smoking for many vears had also smoked tor less
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FIGURE 2.—Relative risk of lung cancer among ex-smokers compared with
continuing smokers as a function of time since stopped smoking,
estimated from logistic regression model, pattern adjusted for

smoking duration compared with pattern unadjusted for duration
SOURCE: Brown and Chu (1987).

time than men who had stopped for a shorter time. The relative risk of lung cancer
continued to decrease sharply with increasing years of abstinence without adjusting for
smoking duration, whereas the decreasing relative risk plateaued when adjusted for
duration of smoking (Figure 2). The difference in this pattern was most noticeable for
increasing years of smoking abstinence. For those who had stopped smoking for 27
years or more, the relative risk compared with continuing smokers was 0.40 when
adjusted for duration, but 0.17 when no adjustment was made. However, control for
previous duration of smoking (or cumulative previous smoking history) in determining
the risk of lung cancer among former smokers may constitute overadjustment if age
and duration of cessation also are included in the model (Chapter 2).

In summary, only limited analyses address the effect of duration of previous smoking
on the decline in risk following cessation. The data point to less decline of relative risk
following cessation, comparing longer term with shorter term studies, but additional
investigation is needed.



Daily Cigarette Consumption

Previous smoking intensity or number of cigarettes smoked per day also affects the
pattern of risk reduction after smoking cessation. In the U.S. Veterans Study, the
mortality ratios for lung cancer were 1.41, 3.47, 8.34, and 10.05 for ex-smokers who
smoked 1 to 9, 10to 20, 21 to 39, and 40 cigarettes or more per day, respectively (Kahn
1966). The pattern of lung cancer risk reduction by years of smoking abstinence and
number of cigarettes smoked has been reported for several studies. In ACS CPS-I and
ACS CPS-11 (Hammond 1966: Garfinkel and Stellman 1988). the decline in risk with
stopping smoking showed a comparable proportional reduction in risk among those
who had smoked less (Table 3). In the European case—control study (Lubin et al.
19844), men who had stopped smoking for 10 years or more, but had previously smoked
30 cigarettes or more per day. had a 40-percent risk of developing lung cancer
compared with corresponding current smokers, whereas men who had smoked 1 to 9
cigarettes per day had a 67-percent risk compared with corresponding current smokers.
Similar results were observed for female ex-smokers (Lubin et al. 1984a). As pre-
viously discussed. duration of smoking was considered in these analyses. Thus, heavier
smokers have less reduction of lung cancer risk following cessation than smokers of
fewer cigarettes per day.

Inhalation Practices

The pattern of lung cancer risk by years of smoking abstinence and by inhalation
practices (i.e., frequency and depth of inhalation) was examined by Lubin and col-
leagues (1984a). Their analysis indicated a somewhat greater reduction in risk for those
ex-smokers who had inhaled less often or less deeply. Among men who had stopped
smoking for 10 years or more. relative risk by reported frequency of inhalation
compared with current smokers was lowest for those who had rarely or never inhaled
(relative risk (RR)=0.39) and for those whose depth of inhalation was reported as only
slight or not at all (RR=0.37). In comparison. the relative risk after 10 years or more
of abstinence was highest for those who had inhaled all the rime (RR=0.50) and for
those who had inhaled deeply (RR=0.47). The same pattemn was observed among
women.

Different Tobacco Products

Differences in the reduction in risk following cessation also have been investigated
by types of cigarettes smoked. A lower risk of lung cancer has been observed for
simokers of filter cigarettes compared with smokers of nonfilter cigarettes (US DHHS
1982, 1989: Wynder and Kabat 1988). a pattern suggesting that the reduction m risk
among former smokers may be more apparent for filter cigarette smokers. However.
no significant differences in the trend of risk reduction by vears of smoking abstinence
(0. 1-4.5-9.and 210) and by type of cigarettes smoked (filter. mixed. nonfilter) were
observed by Lubin and coworkers (1984b) in the European case—control study. Among
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men. the relative risk for former smokers after stopping smoking for 10 years or more
was 0.4 for filter cigarette smokers. 0.3 for nonfilter cigarette smokers. and 0.5 for mixed
filter and nonfilter cigarette smokers. These data were collected in five western
European countries from 1976 to 1980: the tar yields of the products smoked were
relatively high tn comparison with cigarettes currently smoked in the United States
(Lubin et al. 1984b).

In most studies, cigar and pipe smokers have lower lung cancer risks compared with
cigarette smokers (US DHHS 1982). Former smokers of only pipes or cigars also
showed an intermediate risk of lung cancer compared with current smokers and never
smokers of these tobacco products (Table 6). In the U.S. Veterans Study. the lung
cancer mortality ratio, compared with never smokers. was 1.67 among current smokers
who used only pipes or cigars and 1.50 among former smokers (Kahn 1966). In a
case—control study of smoking-related cancers conducted in the United States. Higgins.
Mahan, and Wynder (1988) reported that ex-smokers of cigars only showed a relative
risk of 2.5 compared with 3.1 among current smokers of cigars only. The relative risk
was (1.7 among ex-smokers of pipes only compared with 1.9 among current pipe
smokers only. Analysis of the pattern of risk among ex-smokers of cigars and pipes
only by considering the amount and duration smoked prior to smoking cessation
revealed similar patterns of risk reduction among light and heavy smokers.

Lubin, Richter, and Blot (1984) also examined the pattern of risk reduction by years
of smoking abstinence (0, 1-4, 25 years) and types of tobacco smoked (cigars only,
mixed cigar and cigarette smokers, pipes only, and mixed pipe and cigarette smokers).
No apparent differences were observed in the estimated risks. when analyzed by
tobacco products. among those who had stopped smoking for at least 5 years. but the
numbers of cases who smoked cigars only and pipes only were quite small. On the
other hand, Damber and Larsson (1986) reported that the decrease in relative risk among
ex-smokers was less pronounced in smokers of pipes compared with cigarette smokers
only in a case—control study conducted in Sweden. However, in this population. the
risk of lung cancer for pipe smokers (RR=6.9) was similar 1o that of cigarette smokers
(RR=7.0).

In summary, these analyses, limited by the sample sizes within strata of types of
products smoked, do not characterize precisely the changing lung cancer risk following
cessation for smokers of various tobacco products.

Effect of Age at Cessation

Several researchers have suggested that the reduction in risk after smoking cessation
may differ by age at cessation. Wynder and Stellman (1979) reported that the reduction
in risk after cessation was appreciably greater for people aged 50 to 69 than for those
70 or older. However. only data for those aged 30 to 69 were presented in this
publication. Pathak and associates (1986) also reported a strong interaction between
age and duration of cigarette smoking. Risk of lung cancer among ex-smokers was
compared with that of current smokers with adjustment for the amount smoked. For
ex-smokers less than 65 years of age, the estimated relative risks compared with current
smokers declined to 0.49.0.24, and 0.06 for 5. 10. and 20 years of smoking abstinence.



respectively. For those aged 65 or older. the corresponding estimated relative risks
were (0.73,0.54, and 0.29. respectively. These two studies suggest that the risk of lung
cancer may decline less steeply with increasing abstinence for older ex-smokers.

Multistage Modeling

Multistage models provide a conceptual framework for facilitating understanding of
the relationship of lung cancer incidence with amount smoked, duration of smoking,
and time since cessation. These models, proposing theoretical constructs of fundamen-
tal biologic mechanisms, have been useful for evaluating epidemiologic data in a
biologic framework and thereby furthering the understanding of tobacco carcino-
genesis. However. fitting these models to epidemiologic data cannot establish the
veracity of the underlying biologic theory. Multistage modeling approaches have been
used to describe respiratory carcinogenesis and to assess smoking cessation and lung
cancer risk. Although a number of different mathematic models of carcinogenesis have
been proposed (e.g.. two-stage. multicell, multistage). this discussion primarily ad-
dresses the Armitage and Doll (1954, 1957) multistage model, which has been used
most extensively in studies of lung cancer.

Based on a series of studies examining age-specific mortality rates for various
cancers. Armitage and Doll (1954, 1957) proposed a multistage theory of carcino-
genesis. Their model assumes that a single cell can generate a malignant tumor only
after undergoing a certain number of genetic changes. Animal studies also support the
multistage model. Multistage theories also predict the age pattern of occurrence of
many tumors induced in experimental animals by continuous exposure to chemical
carcinogens. Experimental regimens involving initiation and promotion provide direct
evidence of the effect of early- and late-stage events in the carcinogenic process
(Stenback. Peto. Shubik 1981a.b.c).

Using data from the British Physicians Study. Doll (1971) showed that when the
incidence of lung cancer in cigaretie smokers was plotted against duration of smoking,
incidence increased approximately in proportion to the fourth power of duration. similar
to the slope of the regression line when incidence in never smokers is plotted against
age (Figure 3). Thus. a first-stage effect was implicated because the excess lung cancer
risk among smokers increased with the same power of duration of smoking as the risk
with age among never smokers. Moreover. the lung cancer mortality rates among
ex-smokers decreased somewhat initially and then increased slowly in keeping with the
increase in risk among never smokers with age (Doll 1971). Armitage (1971) noted
that the stabilization of excess lung cancer risk at the level when smoking stopped
suggested that smoking also affected a late stage. namely. the penultimate stage in the
carcinogenic process.

Day and Brown (1980) conducted a detailed analysis of the pattern of change in
cancer risk after cessation of an exposure. The results supported the Armitage—Doll
model. In addition. Day and Brown proposed that the stage atfected by the agent and
the relative magnitude of the effect of the agent on early and late stages of the
carcinogenic process are critical in the determination of risk subsequent to cessation of
an exposure. To guantify the magnitude of smoking effects on the two stages, Brown
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FIGURE 3.—Incidence of bronchial carcinoma among continuing cigarette
smokers in relation to age and duration of smoking and among

never smokers in relation to age, double logarithmic scale
SOURCE: Doll (1971). with correction of printing error in the original figure.

and Chu (1987) reexamined data on ex-smokers from the European case—control study
of lung cancer (Lubin et al. 1984a) and concluded that smoking had an almost double
relative effect on late-stage events compared with first-stage events. Using data from
a case—control study in New Mexico, Whittemore (1988) developed a predictive model
for lung cancer that showed a twofold stronger effect on late-stage than on early-stage
events; the model overpredicted cases among ex-smokers and underpredicted cases
among current smokers. Therefore. Whittemore suggested that smoking may have an
even stronger effect on late-stage events than was assumed in the model.

Alternative models and interpretation of data on former smokers and fung cancer have
also been suggested in several recent studies. Freedman and Navidi (1989) tested the
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fit of the multistage model to data from ACS CPS-Tand the U.S. Veterans Study. These
researchers observed that crude rates of lung cancer decreased with increasing vears of
smoking abstinence although the trend was less steep when average amount of smoking
and ages when smoking started and stopped were considered in the analysis. Moreover,
the observed lung cancer rates among ex-smokers were compared with the expected
rates, which were computed in three ways—risk at the time of quitting, risk at current
age with excess risk frozen at the time of quitting. and never smokers of the same age.
For each comparison approach, the ratio of observed to expected rates decreased with
increasing years of smoking abstinence. Freedman and Navidi (1989) concluded that
this pattern was incompatible with the multistage model. which predicts stabilization
of excess risk when an individual stops smoking.

Gaffney and Altshuler (1988) reexamined data from the British Physicians Study and
found that the best-fitting model among current smokers predicted an increase in the
excess incidence among ex-smokers. which was inconsistent with the observed
decreased rates. These researchers found that a two-stage model fit the incidence of
lung cancer in both current smokers and ex-smokers. Gaftney and Altishuler (1988)
then proposed a two-stage model with clonal growth in which cigarette smoke induced
the initial transition and promoted clonal growth in these cells initiated by cigarette
smoke. Moolgavkar, Dewanji, and Luebeck (1989) questioned the biologic plausibility
of the proposal by Gaftney and Altshuler (1988) and noted that their model only fit part
of the British physicians data set. did not consider each age-smoking level. and
discounted the possibility that smoking aftected two transition rates in the carcinogenic
process.

Moolgavkar, Dewanji. and Luebeck (1989) reanalyzed the British Physicians Study
within the framework of the two-mutation, recessive oncogenesis model. Based on this
model, the second-mutation rate would be affected by smoking. and a sudden decline
in risk atter cessation of smoking would be predicted. However. this model implies
that smoking affects the fast stage in a multistage process. contrary to current considera-
tions.

In summary. multistage models have been used to describe the interrelationships
among number of cigarettes smoked daily. duration. time since exposure ended. and
lung cancer incidence. Several investigators have interpreted the data on risk among
former smokers in ditferent ways. The epidemiologic data clearly indicate that the risk
among tormer smokers is between that of continuing smokers and never smokers.
Various models can be fit to the different data sets. The expected pattern of risk among
former smokers is sensitive to the model selected and dependent on the relative
magnitude of the effect of smoking on early versus late stages of the process of
carcinogenesis, Using multistage models. the data on former smokers are insufticient
to allow precise quantification of the relative effects of smoking on the early and late
stages of the carcinogenic process. which smoking 1s assumed to aftect. Nevertheless.
data indicate that smoking has an etfect on the late stages of the carcinogenic process
and that cessation reduces lung cancer occurrence.
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Cessation After Developing Disease

Individuals who stopped smoking are not a randomly selected group in most studies
(Chapter 2). Often, smokers quit as a result of developing symptoms of a life-
threatening disease or immediately after diagnosis of cancer. This phenomenon is
evidenced by the increase in risk of lung cancer in the immediate period after cessation.
Some studies have grouped these former smokers with the continuing smokers or have
excluded them from the analysis. .

A few eptdemiologic studies have assessed the risk of lung cancer among those who
quit for health reasons and for non-health-related reasons. In the U.S. Veterans Study.
about 10 percent of the smokers quit because of a doctor’s orders; these smokers were
presumably ill. The lung cancer mortality ratio relative to never smokers for ex-
smokers who stopped because of non-health-related reasons was 4.43 compared with
5.83 among ex-smokers who stopped on a doctor’s orders and 8.98 among continuing
smokers (Kahn 1966). In the European case—control study. Brown and Chu (1987)
reported that the relative risk of lung cancer for those who stopped smoking because of
health reasons compared with those who stopped for reasons other than health was 1.3
(p<0.001). Moreover. the percentage who stopped for health reasons decreased with
increasing years of abstinence. Among those who had stopped for 1 year or less. 95.8
percent stopped because of health reasons compared with 65.7 percent of longer term
ex-smokers. In ACS CPS-II, men and women who did not have a history of heart
disease. stroke, or cancer at the time of interview showed a decreased risk of lung cancer
in the first 2 years after smoking cessation when compared with continuing smokers.
In contrast, the risks for all subjects combined (i.e.. those with and without a history of
previous chronic disease) were increased during the first 2 years after smoking cessation
when compared with continuing smokers. The lower risks among the group with no
history of previous disease compared with the total group persisted for subsequent
periods of smoking abstinence (Table 7).

Cessation After Diagnosis of Lung Cancer

Two studies examined the relationship between smoking status and treatment out-
come of patients with small cell lung cancer. In the study by Johnston-Early and
associates (1980), survival was prolonged in patients who were ex-smokers or who had
stopped smoking at diagnosis, whereas no difference in survival by smoking status was
detected in the study by Bergman and Sorenson (1988).

The study by Johnston-Early and colleagues (1980) involved 112 patients with small
cell lung cancer; 20 had stopped smoking before diagnosis: 35 had stopped at diagnosis;
and 57 continued smoking. Therapies included chemotherapy with radiation therapy.
with or without thymosin fraction V. The three patient groups were similar in disease
extent, pretreatment performance status, pack-years smoked, and age and sex distribu-
tion. The patients who had stopped smoking prior to diagnosis had the best survival,
followed by those who had stopped at diagnosis, and finally by those who continued
smoking; the median survival for the three groups was 70. 52, and 47 weeks, respec-
tively. Overall survival differences remained after individually adjusting for disease
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TABLE 7.—Standard mortality ratios of lung cancer among former smokers in
ACS-CPS H (relative to never smokers) by years of smoking
abstinence, daily cigarette consumption at time of cessation, and
history of chronic disease

No history of chronic disease” All respondents
1-20 221 1-20 221
cig/day cig/day cig/day cig/day
Males
Current smokers 235 IS 18.8 26.9
Former smokers (vr since stopped)
< 16.%8 234 26.7 50.7
1-2 16.7 253 224 332
3-5 19.7 20.5 16.5 20.9
6-10 8.6 14.2 8.7 15.0
I1-15 6.3 13.6 6.0 12.6
216 33 5.3 31 5.3
No history of chronic disease™ All respondents
1-19 220 1-19 220
cig/day cig/day cig/day cig/day
Females
Current smokers 10.5 241 7.3 16.3
Former smokers (yr since stopped)
<1 34 20 79 343
1-2 9.0 182 9.1 19.5
-5 2.5 13.2 29 14.6
6—10 1.1 12.0 1.0 Y.1
11-15 1.1 1Y 1.5 59
216 1.6 24 1.4 2.6

“Nohistory of cancer, heart discuse, or stroke
SOURCE: Unpublished tabulations. Amencan Cancer Sociely

extent, performance status. and type of protocol treatment. Similarly. statistical sig-
nificance was maintained after simultaneous adjustment for both thymosin and radia-
tion therapy.

The study by Bergman and Sorenson (1988) involved 154 small cell lung cancer
patients who received combination chemotherapy. Thirty-two had stopped smoking at
least 6 months before the initiation of treatment or had never smoked. 51 patients
stopped smoking less than 6 months prior to the start of treatment. and 71 patients
continued to smoke during the treatment period: the median survival was 39, 42, and
40 weeks. respectively. Reasons for differences in results between the two studies are
not clear. Overall. patients in the study by Bergman and Sorenson (1988) had smoked
fewer pack-years. but the median survival and performance status of each of the three
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smoking status groups were poorer than for the comparable smoking status groups in
the study by Johnston-Early and associates (1980).

LARYNGEAL CANCER

Pathophysiologic Framework

Smoking has been firmly established as a cause of laryngeal cancer (US DHHS 1982,
1989) based on numerous epidemiologic studies. These studies have employed diverse
methodologies and have been performed in different countries and covered various time
periods. Tobacco smoke exposure has been measured by number of cigarettes smoked
per day. number of years of smoking, age when started to smoke, type of cigarettes
smoked. and depth of inhatation (US DHHS 1982).

In the larynx, as in the bronchus. a sequence of histologic changes occurs with
continued smoking. These changes progress from cells with atypical nuclel. to car-
cinoma in situ, to invasive carcinoma. Autopsy studies show that recovery of the
laryngeal epithelium can follow smoking cessation. Auerbach, Hammond. and Gar-
finkel (1970) studied postmortem specimens of laryngeal epithelium from 942 men
(644 current cigarette smokers, 94 cigar and/or pipe smokers, 1 16 ex-cigarette smokers,
and 88 never smokers). Ex-smokers in this study had stopped smoking for at least 5
years. Compared with current smokers, ex-smokers showed fewer histologic changes:
75 percent of ex-smokers and never smokers showed no cells with atypical nuclei.
whereas almost all current smokers showed some cells with atypical nuclei.

Similar findings were reported by Muller and Krohn (1980). who obtained laryngeal
epithelial specimens from autopsy. Of the 148 cases in the study. 24 were never
smokers and 24 were ex-smokers who had stopped smoking for at least 5 years. Table
8 shows the relative distribution of selected histologic features by smoking status.
Occurrence of all histologic changes was lowest among never smokers, intermediate
among ex-smokers, and highest among current smokers. However, the histologic
findings of ex-smokers in this study were more similar to those of light current smokers
(<10 cig/day) than to those of never smokers.

Smoking Cessation and Laryngeal Cancer Risk

A few studies provide data on the relationship between smoking cessation and risk
of laryngeal cancer (Table 8). Former smokers are at less risk than current smokers.
but have about six times the risk of never smokers. The relative risk of laryngeal cancer
is higher immediately after smoking cessation (i.e.. 1-3 years after quitting) compared
with continuing smokers. However. after approximately 3 to 4 years of smoking
abstinence, former smokers show lower relative risks with increasing years of smoking
abstinence (Table 8). Based on a case—control study of laryngeal and hypopharyngeal
cancer conducted in Europe, Tuyns and colleagues (1988) suggested that the benefit of
smoking cessation seemed to appear sooner after cessation for cancer of the
hypopharynx/epilarynx than for the larynx.
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TABLE 8.—Histologic changes in laryngeal epithelium by smoking status

Histologic change (% relative frequencies)

Normal Keratinizing Hyperplastic
squamous squUAMoUS Squamous Squamous
Smoking status epithelium epithelium epithelium metaplasia
Never smokers 83 4 8 21
Ex-smokers 54 33 29 33
Current smokers
Light 56 25 12 58
Moderate 46 36 26 46
Heavy 31 44 3 52

SOURCE: Abstracted from text and tigures 2 -5 in Muller and Krohn (1980),

Risk reduction pattern by years of smoking abstinence and number of cigarettes
smoked daily was examined in a few studies (Table 9). In the U.S. Veterans Study. the
risk of death from laryngeal cancer was lower among ex-smokers who smoked 10 to
20 or 21 to 39 cigarettes per day than among current smokers. but it was not lower
among those smoking 1 to 9 or 40 cigarettes or more per day. However, there were
very few laryngeal cancer deaths in the lowest and highest consumption levels (two and
one. respectively) (Kahn 1966). In ACS CPS-IL. ex-smokers who smoked less than 21
cigarettes per day showed a greater reduction in laryngeal cancer mortality for all
durations of smoking abstinence compared with ex-smokers who smoked 21 cigarettes
or more per day relative to current smokers. In a case—control study conducted in the
Texas Gulf Coast region (Falk et al. 1989). there was no consistent pattern of greater
proportion of reduction in risk among those who had smoked fewer cigarettes per day
prior to smoking abstinence. Moreover. there was still a threefold increased risk among
those who had smoked more than 30 cigarettes daily after 10 years of smoking
abstinence (Table 9).

The effect of smoking duration prior to smoking cessation was not considered in the
studies mentioned above. There is some indication that the average age at which the
ex-smoker developed clinical laryngeal cancer was about 10 years older (68.7) than
that of the current smoker (Wynder et al. 1976).

Alcohol has been shown to have an independent eftect on risk of laryngeal cancer.
but the relationship is weaker than the one between smoking and laryngeal cancer. The
relative risks for joint exposure to alcohol and tobacco are consistent with a multiplica-
tive interaction ot the two agents (Flanders and Rothman 1982: Elwood et al. 1984
Olsen. Sabroe. Fasting 1985). In this review of the literature, no studies were found
that accounted for the effects of alcohol intake in examining risk of larvngeal cancer
after smoking cessation.



TABLE 9.—Relative risks of laryngeal cancer by smoking status

Reference Population Smoking status
Kahn (1966) US veterans Never smokers

Current smokers
Former smokers

Wigle, Mao. Grace Alberta. Canada, cancer Never smokers
(1980) patients Current smokers
Former smokers

ACS (unpublished ACS CPS-11

tabulations) Never smokers
Current smokers
Former smokers

Falk et al. (1989) Texas Never smokers

Current smokers
Former smokers

(vr since stopped)” 110
39 3.0
>10 2R

gel

Relative risks

9.5
7.2

1.0
7.8
6.3

Males Females
1.0 1.0

12.8 9.5
6.7 6.5

1.0
9.0
32
Cig/day
1120 21 30 3140

3.6 4.0 7.2
1.2 1.0 RA |

>4)

0.9
35
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TABLE 9.—Continued

Reference Population

Wynder and 6 US cities
Stellman (1977)

Tuyns etad. European countries
(198Y)

Smoking status

Former smokers
(yr since stopped)
1-3
4-6
7-10
H=1s
216
Current smokers
Never smokers

Former smokers
(yr stnce stopped)

14
59
210
Current smokers

Relative risks

Males

17.9
R.S
4.0
34
25

143
1.0

Males
Endolarynx
1.51
0.52
0.28
1.0

Females

6.9
2.6
8.8
1.6
1.0

Hypopharynx
1.09

0.28
0.32
1.0

NOTE: ACS CPS H=Amencan Cancer Society Caneer Prevention Study 11

.
Reference categary s nover smokers,
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CONCLUSIONS

Smoking cessation reduces the risk of lung cancer compared with continued smok-
ing. For example. after 10 yvears of abstinence. the risk of lung cancer is ubout 30
to 50 percent of the risk for continuing smokers: with further abstinence. the risk
continues to decline.

The reduced risk of lung cancer among former smokers 15 observed in males and
females. in smokers of filter and nonfilter cigarettes. and for all histologic types of
lung cancer.

Smoking cessation lowers the risk of laryngeal cancer compared with continued
smoking.

Smoking cessation reduces the severity and extent of premalignant histologic
changes in the epithelium of the larynx and lung.
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CHAPTER 5
SMOKING CESSATION AND
NONRESPIRATORY CANCERS
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INTRODUCTION

Lung cancer, the first neoplasm causally linked to cigarette smoking, has been the
cancer most thoroughly studied with respect to exposure—response relationships and
benefits of cessation (US DHHS 1982). Subsequently, cigarette smoking has been
established as a cause of cancer at diverse other sites. For some sites (e.g.. oral cavity).
the target cells are exposed directly to the various constituents of tobacco smoke. For
other sites (e.g., urinary bladder). absorption. transport. and metabolic activation of
carcinogens in tobacco smoke result in exposure of target tissues. This Chapter reviews
the evidence on smoking cessation and cancer risk at various nonrespiratory sites. The
sites selected for review are those for which cigarette smoking has been determined to
be a cause of cancer. or contributing cause. or those for which evidence indicates a
possible association.

Methodologic issues encountered in inferring causality on the effects of smoking
cessation have been discussed in Chapter 2 and will not be reviewed in detail in this
Chapter. Potential confounding by differences in prior tobacco exposure at the time of
quitting. and by differences between former smokers and continuing smokers in other
cancer-related risk factors may pose a greater obstacle to causal inference for the
nonrespiratory cancers than for cancers of the lung or larynx: the smoking effects are
generally smaller for nonrespiratory cancers. and the potential confounding factors are
more numerous.

REVIEW OF SPECIFIC SITES

Oral Cancer

Tobacco use is a major cause of oral cancer (US PHS 1964: US DHHS 1982, 1989).
An exposure-response relationship has been identified between the amount of tobacco
consumed and the risk of cancer of the oral cavity after considering the effects of alcohol
consumption. The proportion of 1985 oral cancer deaths attributable to cigarette
smoking in the United States has been estimated to be 92 percent for men and 61 percent
for women (US DHHS 1989). The oral cavity, like the lung. receives direct exposure
tocigarette smoke. Presumably. the causal association of cigarette smoking with cancer
of the oral cavity reflects this contact and the same initiating and promoting agents that
are considered to determine the development of lung cancer.

Table 1 summarizes studies that have examined the relationship between smoking
cessation and oral cancer risk. In these studies, the risk of oral cancer among current
smokers ranges from 2.0 to 18.1 times (median of approximately 4) the risk among
never smokers. Oral cancer risks for women who are currently smoking seem lower
than those for men in studies conducted prior to the mid-1970s, but little difference by
gender has been noted in more recent research. This gender pattern may be because of
the initiation of smoking at an older age among earlier birth cohorts of women (US
DHHS 1989) born during this century and the resultant low cumulative lifetime
exposure of such women.
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TABLE 1.—Studies of oral cancer and smoking cessation

Risk relative to never

Yr
Pepulation (yr of Design Current Former since
Reference daracollectiom tnumber of subjects) Gender smokers smokers quitting Comnwents
Kiuhn US veternins Prospective Male Rt 1.9 NP Excludes "doctor’s orders”
1 19660) (US4 062 (2IR193) quitters
Cancer mortality
Cederlot eral Sweden Prospective
(1975 (196372 (27.300 Male 2.7 0.8 NP Cancer incidence
(27.70h Female 2.0 0 NP
Winderand Stellnun 6 US cities Casecontrol Male 8Y 9.0 1-3
(1977 (1969 75) t497:6.534) 35 46
32 7-10
34 =15
1.6 z16
(270:6,522) Femate 44 KR -3
22 4-6
1.4 7-10
0.6 P15
0.8 z16
Rogotand Murray US veterans Prospective Male 4.2 1.7 NP Excludes "doctor’s orders”

(1980)

(1951 oY)

(203,958)

quitters
Cancer mortality
Extension of US Veterans Study
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TABLE 1.—Continued

Risk refative 10 never

smokers
Yr
Population (yr of Design i Current Former since
Reference data coltection) tnumber of subjects) Gender smohers smuohers quithing Comments
Wigle. Mao, Grace Alberta, Canada Case:control
(1980) (1971-73) (84:1.002) Male 8.7 35 NP
(41:674) Female 43 [$R3 NP
Spitz et al. Houston, TX Casercontrol Male 3.5 6.1 <5
(1988) (1985-%7) (121:127) 2.2 S-14
1.0 |5
(50:49) Female 5.5" 98 <5
4.5 514
1.5 218
Blot et al. 4areas in United States Casexcontrol Male 34 [ 1-9 Adjusted for alcohol
(1988) (1981 8S) (762:837) bt 10-19 consuniption
07 220
(352:431) Female 4.7 1.8 19
0.8 1019
04 220
Franco et al. Brazit Caseicontrol Male 9.3 R} <10 Data for commercially
(1989) (1986-88) (232:464) and female 0.6 210 produced cigarettes onty
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TABLE I.—Continued

Reference

Population tyr of

data collection)

Design
(number of subjects)

Gender

Risk relative to never

Yr
sinee
quitting

Comments

Kabat and Wynder

(1O¥D)

Kabat. Hebert.
Wynder (1989)

ACS CPS-H
(unpublished
tabulations)

18 US cities
1976 83y

7 US ernties
(1UK3 87)

Umited States
(1982 X

Case:control
(ST1:1,057)
(226:453)

Case:control
(125:107)

Prospective
(421.623)
(O05.758)

Matle
Female

Female

Male
Female

smokers
Current Former
smokers smokers
5.5 21
410 1.5
2.0 1.0
18.1 6.4
5.8 2.5

NP

Adjusted tor alcohol

Adjusted for alcohol and

previous number of
cig/day

Cancer mortality

NOTED NP=notprovided: ACS CPS H=American Cancer Society Cancer Presention Stady 11

“Computed as awetghted average from crgaretic dose specitic relative risks presented in the paper. Weights are the number of controls within cach stratum of smoking



In each study summarized in Table 1. the risk of oral cancer was lower among former
smokers after the first few years of abstinence than for current smokers. After 3 to 5
years of smoking abstinence. oral cancer risk decreased by 50 percent. In a study in
Argentina (Iscovich et al. 1987) and in the large multicenter study conducted by the
U.S. National Cancer Institute (NCD) (Blot et al, 19883, the risk of oral cancer among
former smokers after 10 years of abstinence was comparable with that among never
smokers. This observation hus been interpreted as an indication that the greatest eftect
of smoking on oral cancer risk may be in the later (postinitiation} stages ot carcino-
genesis (Blotetal. 1988).

Although it is well known that smokeless tobacco (ST) increases the risk of oral
cancer (Winnetal. 1981: US DHHS 1986) and that stopping the use of ST reduces the
prevalence of premalignant tissue changes in the mouth (Gupta et al. 1986). there is
fitle information on the risk of oral cancer in tormer users of ST.

Compared with current smokers. former smokers may have different alcohol drinking
habits before and after smoking cessation. and thus comparisons of risk between current
and former smokers may be confounded by alcohol consumption (Chapter 11). In three
investigations. the effect of smoking cessation was examined and past alcohol con-
sumption was controlled by multiple logistic regression (Blot et al. 1988: Kabat and
Wynder 1989: Kabat. Hebert. Wynder 1989). In the three studies. estimates of relative
risks for both current and former smokers were similar to those observed in studies in
which alcohol was not included as an adjustment factor. The stability of the refative
risk estimates for smoking with adjustment for alcohol intake suggests that alcohol does
not substantially confound the relationship between oral cancer risk and cigarette
smoking status and that the lower risk of former smokers cannot be explained by lower
levels of alcohol consumption (Chapter 11). One study was sufficiently large to permit
detailed stratified analysis of the modification of the smoking eftect by alcohol
consumption (Blot et al. 1988). In this study. former smokers were observed to have a
lower risk than current smokers for both men and women at each of five levels of aicohol
consumption.

The U.S. Veterans Study (Kahn 1966) demonstrated that at each of three levels of
past cigarette smoking exposure, former smokers had lower risk of oral cancer than did
current smokers. Kabat. Hebert. and Wynder (1989) controlled for past cigarette
exposure by multiple logistic regression and found that relative risk estimates. which
were adjusted for past alcohol and cigarette consumption, did not differ trom the crude
estimates for former smokers (1.0 vs. 1.0 relative to never smokers).

Second primary cancers of the mouth and pharynx occur commonly in persons with
an initial primary cancer in the mouth. pharynx, or larynx. Several studies have
addressed the incidence of second primaries of the mouth, pharynx., or larynx in relation
to smoking status after diagnosis and treatment of the first primary. The findings of
these studies are inconclusive. with some indicating reduced risk of a second primary
after cessation (Moore 1965; Moore 1971 Wynder et al. 1969: Silverman. Gorsky.
Greenspan 1983) and others showing no clear benefit of cessation (Castigliano 1968:
Schottenfeld, Gantt. Wynder 1974. Chapter 5. see section on Multiple Primary
Cancers).



The results of two studies indicated that continued smoking after diagnosis of oral
cancer may reduce survival, particularly in combination with alcohol consumption
(Johnston and Ballantyne 1977 Stevens et al. 1983). These analyses. however. did not
adjust for the more advanced stage of cancer among users of alcohol and tobacco at
presentation (Johnston and Ballantyne 1977).

The results of studies of oral cancer and cigarette smoking cessation indicate that
tormer smokers experience a lower risk of oral cancer than current smokers and that
this lower risk does not appear to be a result of confounding by alcohol or level of
cigarette consumption prior to cessation. The risk of oral cancer has been shown to
drop substantially within 3 to 5§ years of cessation.

Esophageal Cancer

Smoking is a major cause of esophageal cancer (US DHHS 1982, 1989). In the
United States. the proportion of esophageal cancer deaths attributable to tobacco has
been estimated to be 78 percent for men and 75 percent for women (US DHHS 1989).
As for cancer of the oral cavity. cigarette smoking is an independent risk factor for
esophageal cancer but can also act in conjunction with alcohol to increase cancer risk.

Table 2 summarizes the studies that have examined the relationship between smoking
cessation and esophageal cancer risk. In these studies, the risk of esophageal cancer
for current smokers ranges from 1.7 to 6.4 times the risk among never smokers (median
of approximately 5). These findings are similar to those for oral cancer as shown in
Table 1. The risks for smoking and esophageal cancer were similar among males and
females.

Three years after cessuation, former smokers showed lower risks than current smokers
in each study summarized in Table 2. with the exception of the Swedish prospective
study (Cederlof etal. 1975) in which smoking-associated risks were considerably lower
than in any other study. However. in followup of this cohort. more dramatic efevations
in male mortality from esophageul cancer were observed in current smokers relative 10
never smokers: standardized mortality ratios were 1.1 for 1 to 7 ¢ tobacco per day. 4.5
for 8 1o 15 g tobacco perday, and 5.4 for more than 15 g of tobacco per day (Carstensen.
Pershagen. Eklund 1987). For former smokers. the standardized mortality ratio was
1.3, Approximately 3 to 5 vears after cessation, risk of esophageal cancer was reduced
by approximatcly 30 percent in the two studies providing information by duration of
abstinence (Table 2). Data are very scant about the etfects of cessation on the risk of
esophageal cancer over long periods of abstinence. The U.S. Veterans Study showed
that the risk among former smokers was lower at each of four levels of past numbers
of cigarettes smoked per duy.

A multivariate analysis in which lifetime alcohol consumption was included us an
adjustment factor (La Vecchia. Liati et al. 1986) produced refative risks for current and
former smokers that were similar to those observed in other studies. In this studyv. the
crude relative risk for ex-smokers was nearly identical to one that was adjusted tor
alcohol consumption (2.7 vs. 3.0y suggesting that alcohol was not a confounder in the
estimates of the benefits of cessation. A study that was limited to nondrinkers (La
Vecchia and Negri 1989) also produced risk estimates for smoking that were very
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TABLE 2.—Studies of esophageal cancer that have examined the effect of smoking cessation

Risk relative to never

smiokers
Yr
Population (yr of Design Current Former since
Reference data collection) (number of subjects) Gender smohkers smokers quitting Comments
Kahn US veterans Prospective Male 5.3 1.6 NP Excludes "doctor’s orders™
(1966) (1954-62) (24%.195) quitters
Cancer mortality
Cederlof et al. Sweden Prospective Mule 1.7 1.7 NP Cancer incidence
(1975) (1963-72) {27.300)
Wynder and 6 US cities Case:control Male 3.6 BN 1-3
Stellman (1969-75) (159:6,534) 1.5 40
(1977) 1.4 7-10
1.3 s
1.0 z16
(76:6,522) Female 5.3 0 13
A 36
3] 7 10
2.2 [N
1.8 2160
Wigle, Mao, Grace  Alberta, Canada Case:control Male S 1.1 NP
(1980) (1971-73) (45:1.002)
Rogot and Murray US veterans Prospective Mule 6.4 24 NP Excludes "doctor’s orders”

(198

£y

(1954-69)

(293.958)

quatters
Cancer mortality
Extenston of US Veterans
Study



TABLE 2.—Continued

Risk relative to never

sutokers
- Yr
Population (yr ot Design Current Former since
Reterence data collection) imumber of subjectsy Gender amokers smokers quitting Comments
La Veechn Laan Northern laly Casecontrol Mude and 4.3 RIG! <5 Adjusted for SES. diet.
ctal. (T980) (1984 85) (129:426) female 2.5 25 and alcohol
La Veechuand Northern Italy Casecontrol Male and 16 1.1 NP Analysis limited o only

Negri (198Y) (1984 K8)

[RITAEDN

female

nondrinkers

NOTE: NP=not provided: SES =socioecononne staus

‘Computed as a weightvd aserape from varete dose-speativ rebative vishs presented i ihe paper. Weights are the number of controls within cach siratum of smoking



similar to those derived from other studies. supporting an earlier observation of elevated
risk for esophageal cancer in nondrinking smokers (Tuyns 1983).

This review of past research on esophageal cancer and cigarette smoking cessation
indicates that former smokers experience a lower risk of esophageal cancer than do
current smokers. and that this lower risk is not because of confounding by lower alcohol
intake among former smokers.

Pancreatic Cancer

The association. noted for many years, between smoking and cancer of the pancreas
is considerably weaker than that between smoking and oral or esophageal cancer (US
DHHS 1982). Although the causal mechanisms underlying this association are unclear.
smoking has nonetheless been regarded as a contributing factor in cancer of the pancreas
(US DHHS 1982, 1989). In the United States in 1985. the proportion of pancreatic
cancer deaths attributable to smoking has been estimated to be 29 percent in men and
34 percent in women (US DHHS 1989).

Table 3 summarizes studies of the relationship between pancreatic cancer and
smoking cessation. In these studies, current smokers had risks ranging from 1.0 1o 5.4
times (median of approximately 2) the risk among never smokers. Risks for pancreatic
cancer associated with smoking were similar for males and females.

Former smokers generally had lower risk than current smokers for pancreatic cancer,
but the available data do not characterize adequately the change in risk with duration
of abstinence. The large case—control study conducted in Los Angeles, CA, (Mack et
al. 1986) would suggest that risk is not substantially reduced until after 10 years of
abstinence, whereas the smaller English study (Cuzick and Babiker 1989) suggests that
substantial risk reduction is more immediate among women than among men: risk
reduction may take as long as 20 years among men. This difference in the time course
of risk after cessation according to gender has no clear biologic explanation and may
be only a chance finding.

The question of potential confounding by differences in cigarette smoking exposure
prior to quitting was addressed in the analysis of the U.S. Veterans Study (Kahn 1966).
In each of four levels of past cigarette consumption, the risk among former smokers
was found to be lower than that among current smokers. In the study conducted by
Falk and colleagues (1988), former smokers had a lower risk of pancreatic cancer than
current smokers at each of three levels of numbers of cigarettes consumed per day and
also at each of four levels of numbers of years smoked.

Because alcohol can cause insult to the pancreas and has been thought to be a possible
pancreatic carcinogen (Cubilla and Fitzgerald 1979), two investigators adjusted for
lifetime alcohol consumption in multiple logistic regression analyses (Falk et al. 1988:
Clavel et al. 1989). These analyses produced relative risk estimates similar to those
derived from other studies that did not adjust for alcohol and thus suggested that alcohol
consumption is not a confounding factor in the smoking--pancreatic cancer association,

The results of epidemiologic investigations on pancreatic cancer and cigarette smok-
ing cessation indicate that there is a weak, but consistently observed. association
between smoking and pancreatic cancer and that former smokers experience a lower
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TABLE 3.—Studies of cancer of the pancreas and smoking cessation

Ruederenee

Population (yr ot
data eolfechion)

Design
tnumber of subjectsy

Gender

Risk refative to never
smokers

Comments

Kahn
(1966

Cederlol eral.
(1075

Rogotand NMurray
L 1U80)

MacMahoun et al
(198 1)

Winder, Hall,
Polanski ¢ 1U8 3y

Gold ecal,
(1983

US veterans
(154 62)

Sweden
Junt 72y

US veterans
[ARATNION

Boston, MA
1074 7

O US Crties
(1V77 8

Balimore, MD
(1978 80y

Prospective
(248195,

Prospecine
(27.300n
(27,700,

Prospectine
(JU3.93%)

Casecontrol
(2183060
(149337,

Casecontrol
1335404
(121:2.525)

Casceontrol
(200:201)

Muale

Male

Female

Male

Aale
Female

Male
Female

Male and
female

B Yr
Current Former sinee
~tohers sivhers duttting
1.6 1.2 NP
2.5 1.7 NP
1.0 3.5 NP
1.8 1.2 NP
13 14 NP
1.6 1.3 NP
2.2 1.7 21
1.7 1.4 21
1.8 1.0 NP

Excludes “doctors orders”
quitters
Cancer mortality

Cancer meidence

Excludes "docior’s orders”
quitters

Cancer mortaliny

Extension of US Veterans
Study



TABLE 3.—Continued

Risk relative o never
smokers

- Yy
Population (yr of Design Current Formet since
Reference data collectiom (number of subjects) Gender stokers SHokers quitting Comments
Mack ct al. Los Angeles, CA Case:control Male and 2.3 R <3
(1086) (1976 X1 (490:490) temate 23 59
1.4y =10
Norel et al. Sweden Canescontrol Mate and K [ NP Data for population controls
(1986) (1982-84) (98: 134 female
La Vecchiaetal. Northern Italy Casecontrol
(1987 (1983-80) (99471 Male 1.6 1.4 NP Crade relative risk computed
(51:134 Female 1.1 09 N fromy data presented
Mills ¢t al. California Prospective Male and sS4 1.5 NP Cancer mortality study
(108K) (1976-83) (33,000 temale
Falk et al. Loursiana Case:control Male and 1.8 11 -3 Adjusted tor chet and alcohol
(TYRX) (1979 -83) (3631230 female
Claveletal. Paris, France Casescontrot
(19%9) (1982 &S) (U8:101) Male |6 1.0 NP Adpusied tor alcohol and
(63:107) Female I3 0.9 Nk cottee



TABLE 3.—Continued

Risk relative to never

smokers
Yr
Population tyr of Design Current Former since
Reference data collectiom (tnumber of subjects) Gender smokers smokers quitting Comments
Cuzick and Babiher  England Casecontrol
(198Y) (1983 KOy (123150 Mile 20 3.6 <10
3.6 10 20
1.3 >20
(93:129) Female 13 0.8 <10
1.0 10- 20
1.1 >20
Olsen etal. Minncapolis St Paul. MN - Casercontrol Male 25! 0.8 NP
(1989 (1980 83) (212:22(1
ACS CPS-H United States Prospective
(unpublished (1982 K6y (421.663) Male 2.0 2 NP Cancer mortality
tabulations) (605.758) Female 2.7 1.6
Farrow and Davis Scattle. WA Cuse:control Male 3.2 1.0 NP Adjusted for age. race, and

(1) press)

(1982 KO)

(138 18R)

education

NOTED NP=pot provided. ACS CPSH=Amencan Cancer Society Cancer Prevention Study L

e
Compuied asaoweighted average from argarette dose specific relatinve risks presented m the paper

- Werghts are the number of controls within cach stratuny of smoking.



risk of pancreatic cancer than current smokers. This diminution of risk with abstinence
serves to strengthen the hypothesis that smoking is a contributing cause of pancreatic
cancer. Although alcohol does not appear to be a confounder in the assessment of the
benefits of smoking cessation, the possibility of confounding by other tactors. such as
diet or amount of prior cigarette consumption. has not been adequately studied.

Bladder Cancer

As with pancreatic cancer. the relationship between bladder cancer risk and smoking
has been noted for many years. However. because relative risks have not been greatly
elevated and because of uncertainty about the effects of unidentified confounding
factors in this disease. the causality of this association has been considered less certain
compared with other diseases in earlier reports of the Surgeon General (US DHHS
1982). Smoking has nonetheless been regarded as a contributing factor in bladder
cancer: in 1985, it was estimated that in the United States 47 percent of bladder cancer
deaths in males and 37 percent in females are attributable to smoking (US DHHS 1989).
A particular problem with causal inference in smoking and bladder cancer arises
because of the inconsistent finding of clear exposure—response relationships in all
studies. as has been observed between cigarette smoking and respiratory cancers.
However, the usual measures of exposure to tobacco smoke may not accurately index
the bladder’s dose of tobacco-related carcinogens. The Intermational Agency for
Research on Cancer (IARC) concluded. based on evidence available through 1985, that
smoking of different forms of tobacco is causally related to cancers of the bladder and
renal pelvis (IARC 1986).

In addition to the studies reviewed in the 1982 Surgeon General's Report (US DHHS
1982) and in the 1986 report of IARC (1986). more recent data document a consistent
association between cigarette smoking and bladder cancer. In an extended followup of
a cohort of 25,000 Swedish males, mortality rates for bladder cancer were increased
fourfold among ever smokers compared with never smokers (Carstensen, Pershagen,
Eklund 1987). In current smokers, the risk of death from bladder cancer was
approximately three times greater at all tevels of consumption. The excess mortality
from bladder cancer among current smokers was comparable in the American Cancer
Society (ACS) Cancer Prevention Study 1 (CPS-II) (Table 4).

Anextension of a large hospital-based case—control study, originally reported in 1977
(Wynder and Goldsmith 1977), showed similar increases in risk among male and female
smokers (Augustine et al. 1988). The study included 1.316 male and 505 female cases
and 3,940 male and !.504 female controls interviewed in 9 U.S. cities between 1969
and 1984. For current smokers, odds ratios increased to approximately 3.5 for male
and female smokers of 21 to 30 cigarettes per day. Odds ratios were lower among
former smokers, although the risk did not decline as the duration of abstinence
lengthened (Table 4).

The findings of a recent population-based case—control study documented similar
levels of bladder cancer risk associated with cigarette smoking (Slattery et al. 1988).
Slattery and coworkers (1988) assessed cigarette smoking and bladder cancer in 332
white male cases and 686 controls in Utah. The overall crude odds ratio for current
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TABLE 4.—Studies of bladder cancer and smoking cessation

Risk refative 1o never

smokers
Yr
Population (yr of Design Current Former since
Reterence data collection) (number of subjects) Gender smokers smokers quitting Comments
Kahn US veterans Prospective Male 1.9 1.5 NP Excludes "doctor’s orders”
(1960) (1954 62 (248.195) quitters
Cancer mortahity
Cederlof etal. Sweden Prospective Male Iy 21 NP Cancer incidence
(1975) 1963 72y (27.300) temale 1.0 0 NP
(27.700)
Wynder and Stellman 6 UIS cities Cascicontrol Male 2.7 2.9 1-3
(1977) (1969 .75 (541:6,534) 1.9 1-6
14 7-10
1.6 1-1s
1.1 =16
(15016522 Female 24 kA -3
1.5 4-6
0 7-10
1.5 11-15
24 216
Wigle. Mao, Grace Alberta, Canada Casercontrol Male 28 2.1 NP Adjusted for cumulative
(1980) (1971 73) (204:1.002) past dose
(51:674) Female 3.5 31 NP
Rogot and Murray LS veterans Prospective Male 22 1.4 NP Excludes “doctor’s order™

(1980)

(1954 69)

(293 9588)

quitters
Cancer mortahty
Extension of US Veterans
Study



TABLE 4.—Continued

Risk relative 1o never

191

smokers
Yr
Population (yr of Design Current Former since )
Reference data collection) (number of subjects) Gender smokers smokers yuitting Comments
Wynder and 6 US cities Case:control Male 22 2.6 1-3 Cases are from the same series
Goldsmith (1977) (1969-74) (574:568) 29 4-6 as reported by Wynder and
1.5 7-9 Stellman (1977)
1.6 10-12
1.2 1315
1.1 216
(155:154) Female 22 25 -6
1.2 >7
Vineis et al. Italy Case:control Male 6.0 37 39
(1983) (1978-R1) (355:276) 36 10-14
2.1 ESN]
Cartwright et al. England Case:control Male 1.6 1.0 6-15
(1983) (1978-81) (932:1.402) 1.1 16-25
(.9 226
(327:579 Female 14 0.8 618
0.5 zl6
Morrison et al. Boston. MA Case:control
(1984) (1976-77) (427:391) Male kNN 1.5 21
(165:142) Female 5.6 34 =1
Manchester. UK (398:490)) Male 2.6" [ 21
(1976-78) (155:241) Female 20 0.7 >1
Nagoya. Jupan (224:442) Male RN1N 10 >
(1976-78) (66:146) Female 4.3 NP NP
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TABLE 4.—Continued

Risk relative to never

smokers
Yr
Population (yr of Design Current Former since
Reference data collection) {number of subjects) Gender smokers smokers quitting Comments
Vineis. Esteve. Ttaly Case:control Male g0t 3 -9 Adjusted tor number of
Terracini (1984) (1978 -83) (512:596) 200 10-14 cig/day
2.3 215
Vineis et al. Ttaly Case:control Female 2.3 1.0 >3
(1985) (1981-83) (55:202)
Jensen et al. Copenhagen. Denmark Case:control Male and 34 2.0 NP
(1987) (1979-81) (38K:787) female
Brownson, Chang. Missouri Case:control Male 1.9 1.2 NP Adjusted for alcohol
Davis (1987) (TURI-K6) (R23:2.469)
Hartge et al. United States Case:control Male and 2.9 22 1-9
(1987) (1977-78%) (2982:5.782) temale 1.6 10-19
1.7 20- 29
1.4 230
Iscovich et al. Argentina Case:control Male and 7.2 4.5 24
(1987) (1983-8S) (117:234) female 1.8 5-9
1.6 10-19
| 220
Augustine et al. 9 US cities Case:controt Male R 24 <6
(198%) (1969 84) (1.316:3.940) 22 7-12
200 )3
(505:1,504) Female 09" 1.7 <6
1.2 7-12
1.2 <13
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TABLE 4.—Continued

Risk relative 1o never

smokers
Yr
Population (yr of Design Current Former since .
Reference data collection) (number of subjects) Gender smokers smokers quitting Comments
Slattery et al. Utah Case:control Male 37 37 0.5-7
(198%) (1977-83) (332:686) 2.7 X-15
1.9 16-29
1.8 >3
Claude. Frenzel- Germany Case:control Male 35 1.8 NP Adjusted for number of
Beyme, Kunze (1988)  (1977-84) (531:531) cig/day
ACS CPS-I1 United States Prospective
(unpublished (1982-86) (421.663) Male 2.9 2.0 NP Cancer mortality
tabulations) (605.758) Female 28 2.0 NP
Burch et al. (1989) Canada Case:control
(1979-82) (627:602) Male 2.7 1.7 NP
(199:19() Female 2.6 1.2 NP

NOTE: NP=not provided: ACS CPS-ll=American Cancer Society Cancer Prevention Study 11

‘Computed as o weighted average from cigarette dose-specitic relative risks presented in the paper. Weights are the number of controls within cach stratunn of smoking.

5 - N
"Inciudes current and former smokers who quit in the past 2 yr.

*Crude tunadjusted) odds ratio caleulated from tables presented in the paper.



smoking, compared with never smoking, was 3.69 (95-percent confidence interval (CI).
2.58-5.26). However. an exposure-response relationship was not evident with reported
average number of cigarettes smoked daily. The odds ratios for former smokers
declined only after 8 years or more of abstinence.

Table 4 summarizes findings from studies that have examined the relationship
between cigarette smoking cessation and risk of bladder cancer. Of all the non-
respiratory cancer sites. the relationship between bladder cancer risk and cigarette
smoking cessation has been most extensively studied. In these studies. the risk among
current smokers ranges trom 1.0 to 7.2 times the risk among never smokers (median of
approxtmately 3): risks are similar among males and females. More recent studies
conducted since the mid-1970s tend to show higher risks for current smokers than do
the earlier studies. The higher risks in more recent studies may reflect the earlier age
of starting to smoke of more recent cohorts of smokers (US DHHS 1989) or the presence
of a long latency period for the smoking effect to become fully manifest after initiation
in susceptible persons.

Beyond the first few years of abstinence. former smokers generally have lower risks
than current smokers. The study conducted in six U.S. cities (Wynder and Stellman
1977; Wynder and Goldsmith 1977) indicated an approximate 50-percent reduction in
risk after 6 years of abstinence. with risk returning to that of nonsmokers among men
after 15 years. A similar return to nonsmoker risk was also observed after 6 years of
abstinence in an English study (Cartwright et al. 1983) and in an Argentine study after
20 years (Iscovich et al. 1987). However. results from other studies (Howe et al. 1980:
Vineis. Esteve, Terracini 1984: Hartge et al. 1987: Burch et al. 1989} indicated that the
reduction in risk in the first few years after cessation is followed by little subsequent
additional reduction, even beyond 10 or 15 years of abstinence. These observations are
in contrast to those for the other cancer sites reviewed in this Chapter.

In some studies. the analyses controlled for the possible confounding effects of lower
cigarette consumption among former smokers prior to cessation. The U.S. Veterans
Study (Kahn 1966) showed no reduction in risk for former smokers. compared with
current smokers. at levels of past cigarette consumption of 1 pack or less perday. There
was an approximate 50-percent reduction in risk. however. for those former smokers
who had previously smoked more than 1 pack per day. Most studies that included past
cigarette smoking exposure as a covariate in multiple logistic regression analyses
(Wigle, Mao. Grace 1980: Howe et al. 1980: Vineis. Esteve. Terracini 1984: Claude.
Frentzel-Beyme. Kunze 1988: Slattery et al. 1988: Burch et al. 1989) showed relative
risks that were similar 1o those observed in studies in which no such adjustment was
made.

A large multicenter study conducted by NCI (Hartge et al. 1987) contained sufficient
numbers of subjects for detailed subgroup analyses. Table 5 displays the findings of
this study when both average cigarette dose per day and duration of smoking are
cross-classified for current and former smokers. In each of these nine categories.
bladder cancer risk was lower among former smokers thun among current smokers.

As reviewed above. the amount of evidence supporting cigarette smoking as a cause
of bladder cancer has become increasingly compelling since the 1982 Report ot the
Surgeon General (US DHHS 1982). which focused on cancer. Multiple studies of
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TABLE 5.—Bladder cancer risk according to smoking dose, duration of
smoking, and smoking status

Duration ot Risk refative to never smokers

Smoking dose teig/day) smoking (yr) Current ~sH1okcre Former smokers
<20 <20 1.7 1.3
20-39 1.6 1.5
240 27 1.9
20-39 <20 22 1.4
20-39 RR K
>40 31 25
240 <20 24 1.0
20-39 10 2
240 kR 28

SOURCE: Hange et al. 11987

varying design conducted throughout the world have shown statistically significant
increases in risk of bladder cancer among smokers. Cigarette smoking. determined to
be a contributory factor in bladder cancer in past reports of the Surgeon General (US
DHHS 1982, 1989). can now be identified as causally associated with bladder cancer.
The evidence adequately meets the criteria for causality established in the 1964 Report
(US PHS 1964). The decline in risk of bladder cancer with cessation further supports
the conclusion that cigarette smoking causes bladder cancer. This diminution in risk
cannot be explained by confounding from lower cumulative consumption among
former smokers compared with continuing smokers.

Cervical Cancer

Recently, an association has been noted between cancer of the uterine cervix and
cigarette smoking (Williams and Horm 1977, Stellman. Austin, Wynder 1980; Lyon et
al. 1983; Hellberg, Valentin, Nilsson 1983; Berggren and Sjostedt 1983; Peters et al.
1986; Brock et al. 1988: Nischan, Ebeling, Schindler 1988). However, because of the
possibility of confounding by unidentified factors (in particular, a sexually transmitted
etiologic agent), this association has not been identified as causal (US DHHS 1982,
1989; IARC 1986). Components of tobacco smoke can be identified in the cervical
mucus of smokers (Sasson et al. 1985; Schiffman et al. 1987). These compounds have
been found not only to display mutagenic activity in this environment (Holly et al.
1986), but also to have the ability to impair local immunity by reducing the populations
of Langerhans’ cells within the cervical epithelium (Barton et al. 1988). The reduction
in circulating levels of P-carotene caused by cigarette smoking is yet another
mechanism whereby cigarettes may increase the risk of cervical cancer (Harris et al.
1986: Brock et al. 1988; Strykeret al. 1988). Thus, the association of cigarette smoking
with cervical cancer is biologically plausible.
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Table 6 summarizes findings from studies that have examined the relationship
between cervical cancer risk and cigarette smoking cessation. In these studies, the risk
among current smokers ranges from 1.0 to 5.0 times the risk among never smokers
(median of approximately 2). Smoking-associated risks for invasive cancer and for
carcinoma in situ are generally similar.

After the first year of abstinence, former smokers have lower cervical cancer risk than
current smokers in most studies. Exceptions include the study conducted in Milan (La
Vecchia, Franceschi et al. 1986). which showed risk reduction for invasive cancer but
not for carcinoma in situ among former smokers, and the study conducted in Central
America (Herrero et al. 1989) in which no association with smoking was observed at
all, even for current smokers. The effect of time since stopping has not yet been well
studied for cervical cancer, but observations from a large multicenter study conducted
by NCI (Brinton. Schairer, Haenszel et al. 1986) suggested that risk reduction may occur
fairly rapidly after cessation. One study found that smokers tended to have a poorer
prognosis for survival after radiation treatment for invasive cervical cancer, but no data
were presented regarding smoking cessation (Kucera et al. 1987).

A major concern in studies of smoking and cervical cancer has been the potential for
confounding by factors that would predispose a woman to become infected with a
sexually transmitted agent that might be causally related to the disease, such as human
papilloma virus (Stellman, Austin, Wynder 1980: Winkelstein et al. 1984; IARC 1986).
Therefore, it is important to note that those studies that controlled for risk factors for
sexually transmitted disease (Trevathan et al. 1983: Greenberg et al. 1985: Herrero et
al. 1989: Slattery et al. 1989) produced relative risk estimates for current and former
smokers that were quite similar to those from studies that made no such adjustments.
The association of smoking and cervical cancer has been considered by some to be a
result of residual confounding by inadequately measured indicators of exposure 1o a
sexually transmitted agent. Although factors such as the number of past sexual partners
are only surrogates for a hypothetical etiologic infectious agent. they are the very same
social correlates of tobacco smoking that would suggest this type of confounding.
Therefore, even though such factors as age at first intercourse and the number of sexual
partners are imperfect indicators of infection by a possible etiologic agent. their
inclusion as covariates in multivariate analyses may be sufficient 1o control confound-
ing to some extent in the analysis of the effects of smoking on cervical cancer risk.

This review of the evidence on cervical cancer and cigarette smoking cessation
indicates that there is a consistently observed association between cervical cancer risk
and cigarette smoking and that former smokers experience a lower risk of cervical
cancer than current smokers. even after adjusting for the social correlates of smoking
and risk of sexually acquired infections. This observed diminution of risk after
cessation lends support to the hypothesis that smoking is a contributing cause of cervical
cancer. Based on a recent comprehensive review of epidemiologic studies providing
data on smoking and cervical cancer. Winkelstein (1990) concluded that smoking is
causally associated with cervical cancer.
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TABLE 6.—Studies of cervical cancer and smoking cessation

Risk relative to never

smokers
) Yr
Location (yr of Design _ Current Former since
Reference data collection) (number of subjects) smokers smokers quitting Comments
Cederlof et al. Sweden Prospective 5.0 3.0 NR Cancer incidence
(1975) (1963-72) (27,700)
Clarke, Morgan, Toronto, Ontario Case:control 2.3 1.7 NR Invasive cancer
Newman (1982) (1973-76) (178:855)
Marshall et al. Buffalo, NY Case:control 1.6 0.8 NR
(1983) (1957-65) (513:490)
Trevathan et al. Atlanta, GA Case:control 4.2 2.1 NR Carcinoma in situ
(1983) (1980-81) (99:288) Adjusted for sexual partners. birth control
pills, SES
Greenberg et al. England Prospective 30! 0.7 NR [nvasive cancer incidence
(1985) (1968-83) (17.032) Adjusted for age at marriage, birth control
pills, SES

Brinton, Schairer, 5 US cities Case:control 1.5 32 | Adjusted for sexual partners, age at first
Haenszel et al. (1986) (1982-84) (480:797) 1.1 24 intercourse, SES

1.0 5-9

1.1 210
La Vecchia, Milan, Italy Case:control ].4P 2.5 NR Carcinoma in situ
Franceschi et al. (1981-84) (183:183) 1.7 0.8 NR Invasive cancer

{1986)

(230:230)
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TABLE 6.—Continued
Risk relative to never
smokers
Yr
Location (yr of Design Curremt Former since
Reference data collection) tnumber of subjects) smokers smokers quitting Comments
Brisson etal. Quebee Case:control 3.5 1.9 NR Carcinoma in situ
(1988) (1082-85) (247:137)
Herrero et al. 4 Central Amencan cities  Case:control 1.0 1.0 NR Adjusted for sexual partners
(1989) (1986-K87) (666:1,427)
Slattery et al. tlah Case:control 34 1.4 NR Adjusted for sexual partners and education
(1989} (1954-K7) (266:408}
ACS CPS-1T United States Prospective 2.1 1.9 NR Cancer mortality
(unpublished (1982 -K6) (605758}
tabulations)

NOTE: NRznot reported: SES

=socioeconontic status: ACS CPS-ll=American Cancer Society Cancer Prevention Study 11

"Computed as a weighted average from cigarette dosesspecific relarive rishs presented in the paper. Weights are the number of incident cases within cach strajum of smoking,
Computed as a weighted average from cigarette dose-specitic relative risks presented in the paper. Weights are the number of controls within cach stratum of smoking.



Breast Cancer

In general, prior research has shown little relation between cigarette smoking and the
risk of breast cancer (Baron 1984: Rosenberg et al. 1984: Baron et al. 1986): however,
in recent years, several reports have raised the possibility that there might be a weak
positive association (Table 7). Because there has been considerable discussion about
the possible role of smoking in breast cancer in recent literature. the relationships among
cigarette smoking, smoking cessation, and breast cancer risk are reviewed. Cigarette
smoking creates a set of physiologic conditions that result in various antiestrogenic
effects (Baron 1984: Jensen, Christiansen, Rodbre 1985: Michnovicz et al. 1986). as
well as affecting body mass (Camey and Goldberg 1984; Hofstetter et al. 1986:
Chapters 9, 10, 11). The relationship between cigarette smoking and body mass is a
particularly important consideration in studies of breast cancer, because body mass has
a complex age-dependent association with breast cancer risk, with obesity being
protective in premenopausal ages but slightly risk-enhancing later in life (Willett et al.
1985).

Table 7 summarizes findings from studies that have examined the relationship
between breast cancer risk and the cessation of cigarette smoking. The risk of breast
cancer among current smokers ranges from less than 1.0 t0 4.6 times greater than among
never smokers (median approximately 1). The relative risks of smoking do not
consistently differ in premenopausal and postmenopausal age groups. In addition, there
is little consistency regarding the change in risk observed after smoking cessation.
Former smokers have lower risks in some studies, but higher risks in others. Adjustment
for other breast cancer risk factors does not appear to completely remove the weak
association observed in some studies (Schechter, Miller, Howe 1985; Rohan and Baron
1989).

In one study it was found that smokers tended to have a greater prevalence of
tumor-positive axillary lymph nodes at the time of diagnosis than did never smokers
and former smokers, a finding that could not be explained by patient delay (Daniell
1988). This association was not confirmed, however, in arecent report based on 10-year
followup of the Nurses Health Study cohort that included 1,373 cases with information
on extent of disease at diagnosis (London et al. 1989).

This review of breast cancer and cigarette smoking suggests that cigarette smoking
is not associated with breast cancer. Consistent changes in risk are not observed with
smoking cessation.

Endometrial Cancer

The relationship between cigarette smoking and cancer of the endometrium is unique
among the associations of smoking with cancers at various sites; of the sites for which
smoking has been associated with a change in risk, endometrial cancer is the only cancer
for which there is fairly consistent evidence of an inverse (protective) relationship
(Baron 1984; Lesko et al. 1985; Stockwell and Lyman 1987), an effect that may be
limited to postmenopausal women (Smith, Sowers, Burns 1984; Koumantaki et al.
1989). The reasons for the lower risk among women who smoke are not well under-
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TABLE 7.—Studies of breast cancer and smoking cessation

Risk relative to never

smokers
Yr
‘ Location (yr of Design Menopausal Current Former since
Reference data collection) (number of subjects) status smokers smokers quitting Comments
Cederlof et al. Sweden Prospective Pre 0.6 0.4 NR Cancer incidence
(1975) (1963-72) (27,700) and post
Schechter, Miller, Canada Case:control
Howe (1985) (1980-82) (49:134) Pre 4.6 1.8 2] Adjusted for several breast cancer
(71:219) Post 1.1 0.8 21 risk factors
Hiatt and Fireman Northern California Prospective Pre 1.2 1.2 NR Cancer incidence
(1986) (1964-80)) (84.172) Post 1.1 1.3 NR
Brinton, Schairer, United States Case:control
Stanford et al. (1973-75) (447:503) Pre 1.1 1.4 NR
(1986) (614:818) Post 1.1 1.0 NR
Stockwell and Florida Case:control Pre 1.3¢ 0.9 NR
Lyman (1987) (1981) (4.011:2.952) Post 1.2¢ 0.9 NR
Brownson et al. Missouri Case:control
(198%) (1979-86) (114:208) Pre 23 1.2 NR
(206:872) Post 1.2 0.7 NR
Adami et al. Sweden and Norway Case:control Pre 1.0 0.8 Relative risk calculated from
(1938) (1984--85) {422:527) and post crude data
Rohan and Baron Australia Case:control
(1989) (1982-84) (146:132) Pre 1.3 2. 21 Adjusted for several breast cancer
(280:288) Post 1.5 0.9 2t risk factors



1Ll

TABLE 7.—Continued

Risk relative to never

smokers
Yr
Location (yr of Design Menopausal Current Former since
Reference data collection) (number of subjects) status smokers smokers quitting Comments
London et al. United States Prospective Pre 1.0 i NR
(1989) (1976-80) (117.,557) Post N I.1 NR

NOTE: NR=not reported.

*Computed as a weighted average from cigarette dose-specific relative risks presented in the paper. Weights are the number of controls within cach stratum of smoking.



stood. but may be due to smoking effects on estrogen production and metabolism,
including increased 2-hydroxylation of estradiol in smokers (Michnovicz et al. 1986),
an earlier age at menopause in smokers (Baron 1984}, and indirect etfects of the body
weight differences between smokers and nonsmokers, such as the production of
estrogens from precursors within adipose tissue (MacDonald et al. 1978: Chapters 8
and 10).

Table 8 includes a summary of findings from studies of endometrial cancer that have
examined cigarette smoking cessation. Although the risk of endometrial cancer among
current smokers in these studies is approximately 30 percent lower than that among
never smokers, the risk among ex-smokers is similar to, or slightly greater than. that
among current smokers.

This review of past research on endometrial cancer risk and cigarette smoking
cessation suggests that current smokers are at lower risk of endometrial cancer than
never smokers. but it is not clear whether this protective effect ot smoking on endo-
metrial cancer risk might be reversed soon after cessation of cigarette smoking.
Although further investigation of the mechanisms for the protective etfect of smoking
on endometrial cancer is of scientific interest to better understand the effects of smoking
on hormones and of hormones on endometrial cancer risk, this inverse association with
smoking has no public health relevance, as the well-substantiated risks to other organ
systems from continued smoking far outweigh any potential benetits to the endo-
metrium.

Other Cancer Sites

The metabolic products ot tobacco smoke can be found in ovarian follicular fluid
(Hellberg and Nilsson 1988). However, there is little evidence that smoking is as-
sociated with cancer of the ovary (Byers et al. 1983: Baron 1984; Baron et al. 1986:
Stockwell and Lyman 1987; Whittemore et al. 1988: Mori et al. 1988). The risk of
ovarian cancer difters little for either current or former smokers. as indicated in the only
two studies that have examined the effect of cigarette smoking cessation on ovarian
cancer risk (Table 8).

Tobacco has been regarded as a contributing factor for cancer of the kidney (US
DHHS 1982. 1989). The U.S. Veterans Study (Kahn 1966: Rogot and Murray 1980)
and ACS CPS-1I (ACS. unpublished tabulations) suggest only small differences in
mortality from renal cancer between current and former smokers (Table 8). A study of
renal pelvis and ureteral cancers in Copenhagen (Jensen et al. 1988). however. showed
a pattern of risk diminution with abstinence similar to that observed in bladder cancer.
a site with the same histologic type of transitional-cell tumors.

Cancers of the anus and penis are considered possibly to result from infection by a
sexually transmitted agent in a way analogous to cancer of the uterine cervix (Daniell
1985; Daling et al. 1987: Hellberg et al. 1987). Smokers have been found to be at
increased risk both for cancer of the penis (Hellberg et al. 1987) and anus (Daling et al.
1987: Holmes et al. 1988) in recent studies. Only one study has examined the effect of
cessation on the risk of these cancers (Hellberg et al. 1987). This study found that
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TABLE 8.—Studies of cancer at selected sites that have examined the effect of smoking cessation

Risk relative to never

smokers
Yr
Population (yr of Design Cancer Current Former sinee

Reterence data collection) (number of subjects) site smokers smokers quitting Conmments
Cederlof et al. Sweden Prospective Endometrium 0.5 1.6 NP Cancey incidence
(1975) (1963-72) (27.700)
Lesko et al. 8 North American cities Case:control Endometrium 0.8 09 21 Adjusted tor obesity and
{1985) (1976-83) (S08:706) CXOECNOUS EMTORENN
Stockwell and Florida Case:control Endometrium 0.8" 0.6 NP
Lyman (1987) (1981 (990:2.952)
Cederlof ct af. Sweden Prospective Ovary 0.5 1.6 NP Cancer incidence
(1975) (1963-72) (27.700)
Stackwelt and Florida Caseicontrol Ovary e 0.9 NP
Lyman (1987) (1981) (696:2,952)
Franks et al. United States Case:control Ovary 1.1 0.9 > Adjusted for age. parity, and use of
(1987) (1980-82) oral contraceptives
Kahn US veterans Prospective Kidney 1.4 1.5 NP Excludes "doctor’s orders” guitters
(1966) (1954-62) (248,195) Cuncer mortality
Rogot and Murray US veterans Prospective Kidney 1.4 1.2 NP Extension of US Veterans Study
(1980) (1954-69) (293.95%)
Jensen et al. Copenhagen Case:control Renal pelvis 37 19 Np Crude refanve rishs computed

(1988)

(1979-82)

(96:28¥)

and ureter

from data presented
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TABLE 8.—Continued

Risk relative to never

smokers
Yr
Population (yr of Design Cancer Current Former since
Reterence data collection) (number of subjects) site smokers smokers quitting Comments
Hellberg et al. Sweden Case:control Penis 1.6 1.7 NP
(1987) (NP) (244:232)
Cederlof et al. Sweden Prospective Liver 24 1.0 NP Cancer incidence in males
(1975) (1963-72) (27.300)
Rogot and Murray US veterans Prospective Liver 23 1.8 NP Cancer mortality
(1980) (1954-69) (248,000)
Yuetal Los Angeles. CA Case:control Liver 1.8 11 NP Abstainers for 210 yr were
(1983) (1975-79) (76:76) considered never smokers
Kahn United States Prospective Stomach 1.4 1.1 NP Excludes "doctor’s orders” quitters
(1966) (1954--62) (248.195) Cancer mortality
Cederlof et al. Sweden Prospective Stomach 1.3 0.7 NP Cancer incidence in males
(1975) (1963-72) (27.300)
Rogotand Murray  US veterans Prospective Stomach 1.5 1.1 NP Extension of US Veterans Study
(1980 (1954-69) (293.958)
Nomura et al. Tapanese men in Hawaii Prospective Stomach 2.7 Lo NP Cohort identitied 1965-68 and
(1990) (1965-68) (7,990 followed through October 1986
Kahn US veterans Prospective Leukemia 1.4 1.5 NP Excludes "doctor's orders” quitters
(1966) (1954-62) (248.195) Cancer mortality
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TABLE 8.—Continued

Risk relative to never

smokers
Yr
Population (yr of Design Cancer Current Former since

Reference data collection) (number of subjects) site smokers smokers quitting Comments
Cederlof et al. Sweden Prospective Leukemia
(1975) (1963-72) (27,300) (Males) 1.1 0.8 NP Cancer incidence

(27.700) (Females) 0.4 1.0 NP
Rogotand Murray ~ US veterans Prospective Leukemia 1.6 1.5 NP Extension of US Veterans Study
(1980) (1954-69) (248,000)
Trichopoulos et al.  Greece Case:control Liver
(1987) (1976-84) (104:454) HB:Ag 3.3 2.8 NP

(89:454) HB.Ag" 1.6 1.3 NP
ACS CPS-ll United States Prospective Kidney
(unpublished (1982-86) (421,623) (Maies) 27 2.1 NP Cancer mortality
tabulations) (6()5,758) (Females) 1.5 1.1 NP

NOTE: NP=not provided: HB.Ag=hepatitis B surface antigen; ACS CPS-ll=American Cancer Society Cancer Prevention Study 1.

“‘Computed as a weighted average from cigarette dose-specific relative risks presented in the paper. Weights are the number of controls within each stratum of smoking.



current smokers had a penile cancer risk 1.6 times that of never smokers, but the risk
among former smokers was similar to that among current smokers (Table 8).

Primary hepatocellular cancer has been associated with smoking in a number of
recent studies (Trichopoulous et al. 1980: Lam et al. 1982: Yu et al. 1983: Oshima et
al. 1984 Trichopoulos et al. 1987; Hirayama 1989). This association is of potentially
great public health importance because of the high incidence of primary liver cancer
and the epidemic of cigarette smoking worldwide, which is increasingly involving
countries in which liver cancer is the leading cause of cancer mortality. The mechanism
whereby smoking might affect liver cancer risk is unknown. Although potential
confounding by alcohol consumption is of concern in interpreting this association. the
association of smoking with hepatocellular cancer has remained significant in several
studies after controlling for alcohol intake (Trichopoulos et al. 1980: Yu et al. 1983:
Oshima et al. 1984; Trichopoulos et al. 1987). One case—control study (Yuetal. 1983)
and two cohort studies (Cederlof et al. 1975: Carstensen, Pershagen, Eklund 1987:
Rogotand Murray 1980) have examined the effects of smoking cessation on liver cancer
risk. In all three studies, current smokers were found to have higher nisks than either
never smokers or former smokers. In the case—control study. potential confounding by
different alcohol consumption of current and former smokers was controlled (Yu et al.
1983). Many of the earlier studies (including the prospective studies reviewed in this
Chapter) did not exclude the possibility that cancer of the liver may have been primary
in another (smoking-related) organ. The possible role of hepatitis B as a modifier of
the effect of smoking on the risk of liver cancer is not clear (IARC 1986).

Tobacco has been associated with stomach cancer. but whether this association is
causal remains unclear (IARC 1986: US DHHS 1982, 1989). Few studies have
considered the effect of cessation on the risk of stomach cancer. The U.S. Veterans
Study (Kahn 1966; Rogot and Murray 1980) and the Swedish study (Cederlof et al.
1975) indicate a reduction in stomach cancer risk after cessation. although the relative
risks among current smokers were small in these studies (Table 8).

Leukemia has recently been implicated as a smoking-related disease (Austin and Cole
1986: Severson 1987: Kinlen and Rogot 1988). but this observation has not been
consistent (for review, see Kinlen and Rogot 1988). The U.S. Veterans Study showed
only a slight dose—response relationship tor myelogenous leukemias. but there was little
difference in risk between current and former smokers (Kahn 1966: Rogot and Murray
1980: Kinlen and Rogot 1988). In the earlier presentation of these data. there was no
difference in risk among ex-smokers. compared with current smokers. at any of four
levels of prior cigarette smoking (Kahn 1966). The most recent analysis of these data
indicated there was little difference in risk among former smokers compared with
current smokers for any of the subtypes of leukemia. One study demonstrated a poorer
prognosis for patients with myelogenous leukemia who were cigarette smokers (Ar-
chimbaud et al. 1989).

MULTIPLE PRIMARY CANCERS

The occurrence of multiple primary cancers may reflect the effects of the same risk
factors in the pathogenesis of the multiple cancers. the effects of agents used in treating
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the initial malignancy. or simply the consequence of chance (Schotienfeld 1982). Thus,
multiple primary cancers have been investigated with the goals of examining environ-
mental and host factors increasing cancer risk and of identifying adverse consequences
of cancer treatment. Tobacco use, including cigarette smoking. has been examined as
a risk factor for the development of a second primary cancer, after diagnosis of a first
malignancy at cigarette-associated and non-cigarette-associated sites: the effect of
smoking cessation on the occurrence of second cancers has also been addressed in
several investigations.

Descriptive studies have shown that an initial malignancy at a smoking-associated
site is followed by an increased risk for cancer at the same or another cigarette-
associated site (Wynder et al. 1969: Schottenfeld 1982). In an early study of muluiple
primary cancers. Berg. Schottenfeld. and Ritter (1970) examined the risks of second
primary cancers in persons evaluated at Memorial Hospital for squamous cell cancers
of the respiratory or upper digestive tract or other histologic types of lung cancer. In
comparison with expected numbers of cases based on incidence rates for New York
State. significant excesses were observed for cancers of the lip, oral cavity or pharynx,
esophagus, larynx, and lung.

Only limited evidence is available on the effects of smoking cessation on the
occurrence of multiple primary cancers. Moore reported two studies (1965, 1971) of
second primary cancers in persons with an index malignancy of the mouth, pharynx. or
larynx: both showed reduced risk for a second primary cancer in persons who stopped
smoking after diagnosis of the first cancer. For | to 15 years. Silverman, Gorsky. and
Greenspan (1983) observed 117 smokers who had a primary cancer of the head and
neck region. Thirty percent of continuing smokers developed a second oral primary
cancer compared with 15 percent of those reducing smoking and 13 percent of those
completely stopping.

In contrast, an effect of cessation was not found in two other studies (Castigliano
1968; Schottenfeld. Gantt, Wynder 1974). Castigliano’s 1968 study included 88
subjects with mouth or throat cancer who survived for at least 3 years without evidence
of recurrence. During a minimum followup period of 3 years, the occurrence of a
second primary cancer was not related to smoking status. Schottenfeld. Gantt, and
Wynder (1974) examined multiple primary cancers in 733 patients admitted to
Memorial Sloan-Kettering Cancer Center with a primary epidermoid carcinoma of the
oral cavity, pharynx, or larynx. During the 5-year followup period, the smoking status
of those developing and not developing a second primary did not differ significantly.

Interpretation of these studies is limited by the small numbers of subjects and the
limited duration of followup. Furthermore, the interactions of tobacco smoking with
other risk factors of cancers of the head and neck, particularly alcohol consumption.
complicate interpretation of these data,

SUMMARY

This review of the relationship between cigaretie smoking cessation and the risk of
nonrespiratory cancers has shown that former smokers tend to have lower risk than
current smokers for cancers of the oral cavity, esophagus, pancreas, bladder, and uterine
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cervix. This lower risk appears to be neither an artifact of a lower exposure to cigarettes
in former smokers prior to quitting nor a result of confounding by other known risk

fac

tors for these cancers. This observation of a diminution in risk further supports the

hypothesis that cigarette smoking is a causal factor for cancers of many sites other than
the respiratory system. Although smoking is not as strong a risk factor for non-

res

piratory cancers as it is for cancers of the lung and larynx, substantial numbers of

cases of many nonrespiratory cancers can be attributed to tobacco use (US DHHS 1989).
The patterns of diminution in risk with increasing duration of abstinence indicate that
smoking cessation provides a substantial reduction in the risk of nonrespiratory cancer.

98]
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CONCLUSIONS

. Smoking cessation halves the risks for cancers of the oral cavity and esophagus.

compared with continued smoking, as soon as 5 years after cessation, with further
reduction over a longer period of abstinence.

Smoking cessation reduces the risk of pancreatic cancer, compared with continued
smoking, although this reduction in risk may only be measurable after 10 years of
abstinence.

Smoking is a cause of bladder cancer; cessation reduces risk by about 50 percent
after only a few years, in comparison with continued smoking.

The risk of cervical cancer is substantially lower among former smokers in com-
parison with continuing smokers. even in the first few years after cessation. This
finding supports the hypothesis that cigarette smoking is a contributing cause of
cervical cancer.

Neither smoking nor smoking cessation are associated with the risk of cancer of the
breast.
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INTRODUCTION

Cigarette smoking is firmly established as an important cause of coronary heart
disease (CHD). arteriosclerotic peripheral vascular disease. and stroke (US DHHS
1983, 1989). Eliminating smoking presents an opportunity for bringing about a major
reduction in the occurrence of CHD. the leading cause of death in the United States.
Before examining the epidemiologic evidence relating smoking cessation and risk of
CHD and other forms of cardiovascular disease (CVD), the mechanisms by which
smoking leads to these diseases are briefly reviewed. The objectives in considering
these mechanisms are to address the plausibility that smoking cessation reduces risk of
CVD. to estimate the expected magnitude in risk reduction. and to assess the rapidity
with which any risk reduction might occur. Whether these mechanisms are immedi-
ately reversible, irreversible, or slowly reversible is of particular relevance to the
rapidity with which smoking cessation will reduce risk. The role of smoking in the
pathogenesis of CHD is discussed at length. The etiologies of peripheral vascular
disease and stroke share several common fteatures with CHD: thus. discussion focuses
on distinguishing features.

PATHOPHYSIOLOGIC FRAMEWORK

Smoking and Development of CHD

Pathogenesis of CHD. which includes the clinical manifestations of myocardial
infarction (MI), angina pectoris, and sudden death. is extremely complex and mediated
by multiple mechanisms and etiologic factors (Munro and Cotran 1988). At least five
interrelated processes are likely to contribute to the clinical manifestations of MI—
atherosclerosis. thrombosis, coronary artery spasm. cardiac arrhythmia, and reduced
capacity of the blood to deliver oxygen. Smoking appears to influence many steps in
the development of CHD. Although not all of these effects are proven fully. the
evidence for an influence on several mechanisms is convincing. The exact components
of cigarette smoke that are responsible are not known in each instance. but experimental
data have implicated nicotine and carbon monoxide (CO) in several processes. Other
products of cigarette smoking, such as cadmium, nitric oxide. hydrogen cyanide. and
carbon disulfide. have been hypothesized to play a role. but their quantitative contribu-
tions remain unknown (US DHHS 1983).

Atherosclerosis

Atherosclerosis is the mechanical narrowing of medium-sized arteries by the
proliferation of smooth muscle cells. lipid accumulation, and vitimately, plaque forma-
tion and calcification (Munro and Cotran 1988). These lesions develop over decades
and are not immediately reversible; whether they are substantially reversible at all in
humans is a matter of current interest. Reversibility has been demonstrated in non-
human primates (Clarkson et al. 1984: Malinow and Blaton 1984) and suggested in
studies of humans using repeated arteriography (Blankenhorn et al. 1987). Smoking is
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clearly associated with the presence of atherosclerosis of the coronary arteries., small
arteries of the myocardium. the aorta. and other vessels as demonstrated in many
autopsy and angiographic studies (US DHHS 1983). The development of athero-
sclerosis is complex. and several processes are likely to be important.

Endothelial damage is thought to play a primary role in the development of
atherosclerosis by exposing the arterial intima to blood lipids and white cells and by
stimulating platelet adhesion. The endothelial damage can be an actual physical
denudation. but toxic functional damage may have similar consequences. In animal
studies, serum nicotine at levels similar to those of human smokers caused endothelial
damage (Krupski et al. 1987: Zimmerman and McGeachie 1987). Evidence that
smoking has a direct toxic effect on human endothelium is provided by the observation
that smoking 2 tobacco cigarettes approximately doubled the number of nuclear-
damaged endothelial cells in circulating blood (Davis et al. 1985, 1986): smoking
non-tobacco cigarettes had little effect. In addition. Asmussen and Kjeldsen (1975)
found pronounced degenerative changes of the umbilical artery endothelium at the time
of delivery among mothers who smoked: these changes were not present in the arteries
of nonsmoking mothers.

Smooth muscle cell proliferation is a primary feature of atherosclerotic lesions and
may result from several stimuli: the most clearly demonstrated is platelet-derived
growth factor from adherent platelets. Smoking appears to increase the adherence of
platelets to arterial endothelium: blood drawn from persons after smoking 2 cigarettes
results ina more-than-hundredfold adhesion of platelets to rabbit endothelium than does
blood drawn from persons before smoking or from never smokers (Pittilo et al. 1984).
Platelets from chronic smokers have a greater tendency to aggregate on an artificial
surface than do those from nonsmokers (Rival. Riddle. Stein 1987). In minipigs. both
cigarette smoke and CO increase the adhesion of platelets to arterial endothelium
(Marshall 1986). The influence of smoking on platelet activity is discussed further in
the following section.

Lipid infiltration of the arterial intima. largely cholesterol, is another primary feature
of atherosclerosis and is directly related to higher blood levels of low-density
lipoprotein cholesterol (LLDL-C) and reduced blood levels of high-density lipoprotein
cholesterol (HDL-C). Smoking reduces the level of HDL-C. A strong inverse associa-
tion between daily cigarette consumption and HDL-C has been observed in many
cross-sectional studies in the United States (Freedman et al. 1987: Gordon and Doyle
1986: Reichley. Mueller. Hanis et al. 1987; Willett et al. 1983) and in other countries
(Assmann, Schulte. Schriewer 1984: Goldbourt et al. 1986: Gomo 1986: Jacobsen and
Thelle 1987: Pelictier and Baker 1987: Robinson et al. 1987: Tuomilehto et al. 1986).
In a longitudinal. community-based study. HDL-C decreased among persons starting
to smoke and increased among those who stopped smoking (Fortmann. Haskell,
Willilams 1986). In other prospective studies. smoking abstinence has been associated
with substantial increases in HDL-C levels in both men and women (Hulley. Cohen.
Widdowson 1977: Hubert et al. 1987: Rabkin 1984). In a study among young adults
in Louisiana, those who began smoking experienced substantial reductions in HDL-C
compared with those who did not start (Freedman et al. [986). HDL-C increased among
13 adult women who successtully stopped smoking for 48 days. but decreased to its
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previous levels among those who returned to smoking (Stamford et al. 1986). Thus.
data indicate that smoking reduces the level of HDL-C. a potent protective factor against
CHD.

In a number of studies. smokers have been found to have higherlevels of triglycendes
(Freedman et al. 1986: Jacobsen and Thelle 1987. Gomo 1986: Willett et al. 1983):
however, the independent relation of triglyceride level with risk ot CHD is not clear.
Smoking appears to have little. it any. relation with LDL-C level. However. smokers
have approximately twice the level of serum malondialdehyde of nonsmokers (Nadiger.
Mathew. Sadasivudu 1987): malondialdehyde can alter LDL-C and may promote its
incorporation into arterial wall macrophages (Steinberg et al. 1989). In a metabolic
study among yvoung men, smokers had a decreased cholesterol net transport from cell
membranes into plasma. which could partially explain the accumulation of chotesterol
in artertal walls (de Parscau and Fielding 1986).

Thrombosis

Coronary artery thrombosis, resulting from platelet-fibrin thrombi. 1s a key element
in most cases of MI. Thrombi are visualized in a high percentage of coronary arteries
studied angiographically within hours of the onset of infarction (DeWood et al. 1980).
and agents that [yse thrombi are effective treatments for MI (Stampfer et al. 1982;
Loscalzo and Braunwald 1988). The efficacy of aspirin. an antiplatelet agent. in
preventing Ml further supports the role of thrombus formation (Steering Committee of
the Physicians’ Health Study Research Group 1989). The finding that smoking is
associated with history of Ml even after controlling for atherosclerosis (Hartz et al.
1981) emphasizes the importance of mechanisms in addition to those that promote
atherosclerosis.

Platelets play a central role in thrombus formation in addition to releasing growth
factors that stimulate the proliferation of smooth muscle cells in arterial intima (Pack-
ham and Mustard 1986). Platelets can form microthrombi that become incorporated
into the arterial wall, thus contributing to plaque formation and participating in
generation of larger platelet-fibrin thrombi that may acutely occlude a coronary artery.
Smoking cigarettes acutely increases spontaneous platelet aggregation in humans
(Davis et al. 1985) and in dogs with coronary artery stenosis (Folts and Bonebrake
1982). Madsen and Dyerberg (1984) observed that smoking 2 high-nicotine cigarettes
substantially reduced bieeding time among healthy young men, although ex vivo tests
- of platelet aggregability were only minimally inhibited. In this study. smoking low-
nicotine cigarettes and inhalation of CQO had little effect on bleeding time. Shortened
platelet survival, an indirect indicator of activation. was observed in smokers and
reverted to normal after 4 weeks of smoking abstinence (Fuster et al. 1981).

Studies of smoking and platelet aggregation ex vivo in response to the typical stimuli
used in the laboratory. such as adenosine diphosphate (ADP) or thrombin, are incon-
sistent. Increased aggregation has been seen with platelets from chronic smokers
(Belch et al. 1984) and in blood drawn 10 minutes after smoking | cigarette (Renaud
et al. 1985; Renaud et al. 1984); in the latter study. aggregation was associated with
blood nicotine levels but not with carboxyhemoglobin (COHDb) levels. However. in
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other studies. ex vivo platelet apgregation was not related to cigarette smoking (Pittilo
et al. 1984: Dotevall et al. 1987 de Lorgeril et al. 1985; Madsen and Dyerberg 1984).
In one large study. aggregation in response to ADP stimulation was actually somewhat
greater in nonsmokers (Meade et al. 1985). Studies of the effect of smoking on platelet
production of thromboxane. which mediates the aggregatory effect. have aiso been
inconsistent. In some studies. smoking was found to acutely increase thromboxane
blood levels. which reflect the capacity to produce thromboxane in response to stimula-
tion. and urinary metabolites. which reflect the normal steady-state production
(Toivanen. Ylikorkala. Viinikka 1986: Marasini et al. 1986: Fischer et al. 1986).
However. serum thromboxuane B> levels were found to be similar among chronic
smokers compared with nonsmokers in another study (Dotevall et al. 1987). The
serious limitations of ex vivo aggregability measurements in the evaluation of in vivo
platelet activity have been noted (Fitzgerald. Oates. Nowak 1988). These researchers
measured urinary excretion of a thromboxane metabolite and found elevated levels in
chronic smokers that were reduced to the level of nonsmokers after aspirin administra-
tion. suggesting a platelet origin of the excess excretion (Nowak et al. 1987).

The lack of a consistent relation between smoking and ex vivo tests of platelet
aggregability despite the demonstration that platelets of smokers adhere more readily
to endothelium has led to the suggestion that smoking inhibits the production in arterial
walls of prostacyclin. an inhibitor of platelet aggregation (Madsen and Dyerberg 1984).
Reinders and coworkers (1986) demonstrated that the production of prostacyclin by
cultured human endothelial cells is impaired by incubation with cigarette smoke
condensate. Pittito and colleagues (1982) also found that smoking reduces endothelial
cell synthesis of prostacyclin in rats. Thus. in vivo smoking-related effects on platelet
function may be mediated in part by an interaction with endothelium.

Fibrinogen levels have been found to be elevated among smokers in numerous
cross-sectional studies (Meade et al. 1986: Kannel, D' Agostino. Belanger 1987: Wil-
helmsen et al. 1984 Dotevall et al. 1987 Belch et al. [Y84: Balleisen et al. 1985).
Fibrinogen levels. in turn. are strongly related to rnisk of CHD and stroke (Meade et al.
1986: Kannel. D" Agostino., Belanger 1987: Wilhelmsen et al. 1984). Smoking cessa-
tion resulted in a decrease in fibrinogen levels after 4 weeks among 9 female smokers
(Harenberg et al. 1985) and after 8 weeks among 14 male smokers (Ernst and Matrai
1987). In the latter study. the levels after 8 weeks were similar to those among never
smokers. When tibrinogen was remeasured after 5 vears, values had decreased to the
levels of never smokers among men who had stopped smoking und had increased among
those who started or resumed smoking (Meade. Imeson. Stirling 1987). In multivariate
analyses ot data from the Framingham Study (Kannel. D" Agostino, Belanger 1987) and
Northwick Park Study (Meade etal. 1986) that both included cigarette smoking us well
as fibrinogen levels, fibrinogen retained a clear independent association with risk of
CHD. whereas the effect of smoking was substantially reduced after the inclusion of
fibrinogen in the model. This analysis suggests that elevated fibrinogen levels may
mediate a quantitatively important part of the etfect of smoking on CHD risk.

Other clotting abnormalities. such as increased plasma viscosity and reduced red cell
detormability. that tend to promote thrombus tormation have also been observed in
smokers (Belch et al. 1984). In addition. levels of plasminogen. which promotes Ivsis
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of thrombi. are lower in smokers (Wilhelmsen et al. 1984: Belch et al. 1984), but the
tevels increase after smoking cessation (Harenberg et al. 1985).

Spasm

Coronary artery spasm can cause acute ischemia manifested as angina pectoris and
may promote thrombus formation at the site of repeated arterial constriction (Folts and
Bonebrake 1982). Both chronic and acute cigarette smoking have a demonstrable
vasoconstrictor effect on the coronary vasculature (Klein 1984). Compared with never
smokers. current smokers have an approximately twentyfold risk of vasospastic angina
pectoris (Scholl et al. 1986). Coronary artery spasm has also been identified by
angiography after smoking a single cigarette (Maouad et al. 1984). Smoking-induced
vasoconstriction has been demonstrated in patients with atherosclerotic coronary artery
disease (Martin et al. 1984) that is mediated by an o-adrenergic increase in coronary
artery tone (Winniford etal. 1986). In addition. smoking acutely increases platelet and
plasma vasopressin (Nussey et al. 1986} us well as the carrier protein of vasopressin
and oxytocin (de Lorgeril et al. 1985). In addition to causing acute arterial spasm,
cigarette smoking appears to be associated with a reduction in long-term coronary artery
diameter independent of atherosclerotic plaque (Fried. Moore. Pearson 1986). although
the mechanism for this relationship is unclear.

Arrhythmias

In some instances, arrhythmias can precipitate MI by reducing cardiac output or
increasing myocardial demand. More importantly. arrhythmias are a major complica-
tion of infarction. Thus, reducing the threshold for serious arrhythmias tends to increase
the case-fatality rate of MI. Cigarette smoking was found to lower the threshold for
ventricular fibrillation in a study of animals (Downey et al. 1977) and was found to be
associated with a 21-percent increased prevalence of ventricular premature beats on
two-minute electrocardiographic rhythm strips obtained from 10.119 men (Hennekens
etal. 1980). Smoking-related ventricular arrhythmias may contribute to the occurrence
of sudden death and to increased case-fatality ratios during the course of MI.

Reduced Blood Oxygen Delivery

Cigarette smoking acutely increases myocardial oxygen demand by raising

_ peripheral resistance. blood pressure, and heart rate (Martin et al. 1984 Klein 1984).
Concurrently, the capacity of the blood to deliver oxygen is reduced by increased
COHb, greater viscosity (Galea and Davidson 1985), and higher coronary vascular
resistance. Imbalance between oxygen requirement and delivery as a result of these
factors is not likely to be a cause of MI but may contribute to infarction in the presence
of significant atherosclerotic narrowing of vessels. Consistent with these mechanisms.
low levels of COHb exacerbate myocardial ischemia during graded exercise (Allred et
al. 1989). and smoking is associated with more frequent and fonger ischemic episodes
detected by ambulatory electrocardiographic monitoring among patients with chronic

195



stable CHD (Barry et al. 1989). Blood and plasma viscosities among former smokers
are lower than those among current smokers and similar to those among never smokers
{Ernst and Matrai 1987). In the same study. both blood and plasma viscosity decreased
after smoking cessation and were similar to levels of never smokers after 8 weeks.
Reduced oxygen delivery to the myocardium may play a role in lowering the threshold
tor ventricular arrhythmias.

In addition to influencing the development of CHD. smoking has been hypothesized
to have direct toxic etfects on the myocardium. Hartz and coworkers (1984) found a
nearly threefold increased prevalence of ditfuse ventricular hypokinesis among heavy
smokers compared with never smokers within a population of patients undergoing
diagnostic coronary angiography and ventriculography.

Smoking and Development of Peripheral Arterial Disease

The extremely strong association between smoking and peripheral artery disease is
likely to be mediated largely through the mechanisms that promote atherosclerosis
(Criqui et al. 1989). The peripheral vasoconstrictive eftects of smoking. mediated by
nicotine-stimulated release of catecholamines (US DHHS 1983), are likely to play a
further important role (Lusby et al. 1981).

Smoking and Development of Cerebrovascular Disease

Cerebrovascular disease represents a heterogeneous group of pathologic processes
that include infarction due to stenosis and thrombosis (referred to here as ischemic
stroke). embolism from the heart. and hemorrhage trom medium-sized vessels in the
subarachnoid space (subarachnoid hemorrhage) and from microaneurysms of small
penetrating vessels (intracerebral hemorrhage). The association of smoking with
ischemic stroke is likely to be mediated largely through the mechanisms that promote
atherosclerosis and thrombus formation. Associations between smoking and extent of
cerebral artery atherosclerosis have been observed at autopsy among persons who have
died of causes unrelated to CVD (Reed et al. 19¥8) and among volunteers in a
cross-sectional study evaluated by anoninvasive method (Rogers et al. 1983). Smoking
was also a strong predictor of the extent and severity of cerebral vessel atherosclerosis
in an [talian multicenter study of reversible cerebral 1schemic attacks (Passero et al.
1987y and in an investigation of 28 pairs of Finnish twins (Haapanen et al. 1989).

The mechanistic basis is unknown for the strong relation between smoking and
subarachnoid hemorrhage (US DHHS 1989: Shinton and Beevers 1989). which is
thought to result most commonly from the rupture of a saccular aneurysm. Although
hypertension is associated with this occurrence, chronic smoking is unrelated to
sustained elevation in blood pressure. A weak and clinically unimportant inverse
relation with hypertension has been seen in several studies (Schoenenberger 1982; US
DHHS 1983). although the association between cigarette smoking and risk of hyper-
tension was observed in a large prospective investigation (Witteman et al. 1990).
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Anticipated Effects of Smoking Cessation on Risk of Cardiovascular Diseases
Based on Knowledge of Mechanisms

The possible effects of smoking cessation on the risk of CHD are illustrated in Figure
1. The incidence of CHD increases sharply with age among both smokers and never
smokers: similar patterns are seen with other smoking-related cardiovascular diseases.
At each age. the rates are higher for smokers. and the increase with age 1s more rapid
among smokers (US DHHS 1983: ACS. unpublished tabulations). probably because of
the ongoing. cumulative damage caused by smoking. Thus. the absolute excess
incidence or mortality (attributable risk) ot CHD due to smoking. represented by the
vertical difference between the lines for smokers and never smokers in Figure 1.
increases with age. However, the relative risk. represented by the ratio of incidence or
mortality rates, tends to decrease with age.

Theoretically possible outcomes of smoking cessation are depicted by lines A, B. and
C (Figure 1). Line A represents an immediate and complete reversal of the eftect of
smoking. so that the quitter almost instantly assumes the rate of the never smoker. Line
B represents the worst-case scenario; although the stimulus for progressive damage is
removed, no reversibility exists so that the former smoker assumes a constant absolute
excess risk above that of the never smoker. In this case. it is apparent that quitting
would still provide a substantial benefit compared with not quitting and that the relative
risk for a former smoker compared with a never smoker would decline over time. An
intermediate effect of smoking cessation is depicted by line C: the effects of smoking
are slowly reversed, and the rate for the quitter gradually approaches that of the never
smoker.

The effects of smoking on CHD are probably mediated by multiple mechanisms.
several of which are well established. Some of the effects of smoking appear to be
reversible within days or weeks, including the increase in platelet activation. clotting
factors, COHb, coronary artery spasm. and increased susceptibility to ventricular
arrthythmias. Other effects may be irreversible or only slowly reversible. such as the
development of atherosclerosis as a result of smooth muscle proliferation and lipid
deposition in the arterial intima resulting from lower HDL-C levels. Thus. persons who
stop smoking are likely to experience a component of rapid decline in risk compared
with those who continue to smoke and another component that more slowly approaches
the risk of never smokers. Because the effects of smoking are multiple and complex.
the rapidity and magnitude of risk reduction achieved by smoking cessation can best
be estimated by empirical data based on epidemiologic studies in humans. Available
data are examined in detail in the remaining sections of this Chapter.

SMOKING CESSATION AND CHD

Epidemiologic evidence on smoking and CHD has been reviewed in detail in previous
reports of the U.S. Surgeon General (US PHS 1964: US DHEW 1971, 1979; US DHHS
1983, 1989). After an exhaustive review of the data, the 1983 Report of the Surgeon
General concluded that cigarette smoking is a major cause of CHD in the United States
for both men and women” and “should be considered the most important of the known
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FIGURE 1.—Hypothetical effects of smoking cessation on risk of CHD if
mechanisms are predominantly rapidly reversible (A),
irreversible (B), or slowly reversible (C). (CHD mortality rates
shown in solid lines are for men in ACS CPS-11, 1982-86.)

NOTE: CHD=coronany heart disease: ACS CPS-H=American Cancer Society Cuncer Prevention

Study [

SOURCE: Unpublished tabulations. American Cancer Society.

modifiable risk factors for CHD™ (US DHHS 1983, p.6). Overall. the Report noted that
smokers have about a 70-percent excess death rate from CHD. and heavier smokers

have an even greater excess risk.
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Since 1983. additional evidence has accumulated to further support these con-
clusions. Some of these data were presented or summurized in the 1989 Report of the
Surgeon General (US DHHS 1989). For 1985. cigarette smoking was estimated 10 be
responsible for 21 percent of all CHD deaths in the United States among men aged 65
years or older and for 45 percent of CHD deaths among vounger men. Twelve percent
of the CHD deaths among women aged 65 or older and 41 percent of those in younger
women were attributed to cigarette smoking. In 1985, 115.000 deaths from CHD were
attributed to cigarette smoking.

A large amount of data supports the view that active cigarette smoking substantially
increases risk of CHD. Data also indicate that former smokers have a lower risk of
CHD than do current smokers. Despite methodologic and geographic differences. the
studies are remarkably consistent in demonstrating a reduced risk of CHD among
former smokers. Much of this literature has been reviewed in earlier reports of the
Surgeon General (US DHEW 1979: US DHHS 1983) as well as by Kuller and
colleagues (1982).

This Section reviews the epidemiologic evidence of the etfects of cigarette smoking
cessation on CHD risk. specifically Ml and CHD death. The relevant studies may be
divided into those that examine the effect among apparently healthy individuals
{primary prevention) and the effect among individuals already diagnosed with CHD
for risk of recurrence or CHD death (secondary prevention). Cross-sectional studies of
the extent of coronary atherosclerosis also provide relevant information.

Cross-Sectional Studies

In a detailed study of coronary atherosclerosis. Auerbach and coworkers (1976)
examined 1.056 autopsied hearts from patients at the East Orange Veteruns Administra-
tion Hospital and found that smokers had more severe disease than never smokers, with
past smokers having intermediate levels. Those who died from CHD or diabetes or
those who had hearts weighing more than 500 g were excluded. After adjustment tor
age. current cigarette smokers had a prevalence of advanced CHD that ranged from
11.7 to 23.4 percent. depending on the number of cigarettes smoked per duy. The
prevalence among never smokers was 5.3 percent compared with 11.0 percent among
former smokers. The prevalence odds ratio of advanced versus no disease or minimal
disease was 2.4. when former smokers were compared with never smokers. In contrast.
among current smokers of | to 2 packs per day. the ratio was 6.7. A similar pattern was
observed for different pathologic manifestations of CHD. The effect of duration of
abstinence among former smokers was not analyzed.

Ramsdale and coworkers (1985) used arteriography to assess the extent of coronary
atherosclerosis before surgery for valve replacement among 387 patients. All patients
provided a smoking history. including age at initiation of smoking and cessation of
smoking and average number of cigarettes smoked per week. Among never smokers.
87 percent had no stenosis greater than 50 percent: only 60 percent of past smokers and
60 percent of current smokers were without this degree of stenosis. Of never smokers.
only 2.6 percent had three or more arteries affected compared with 10.6 percent of
former smokers and 12.2 percent of current smokers. Both current and past smokers
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had more severe coronary artery disease. The median score among never smokers and
current smokers was .2 and 2.8. respectively. For past smokers. the data were
presented by duration since quitting. There was no evidence for a trend of decreased
effect by increasing time since cessation. The median score for those quitting within
the previous 5 years was 5.0; for 5 to 10 vears. 5.0; and for 10 years or more, 7.5,
Coronary atherosclerosis was positively correlated with lifetime number of cigarettes
smoked among both current or past smokers. In this study. past smokers had a slightly
worse coronary risk protile than other groups. No information was provided about past
or concurrent illness that may have motivated the former smokers to quit. Nonetheless,
this study supports the view that cigarette smoking is a risk factor for atherosclerosis
and that a substantial duration of abstinence may be necessary to appreciably reduce
its extent.

Weintraub and coworkers (1985) evaluated smoking history in 1,349 coronary
arteriography patients. Of these patients. 984 had significant coronary disease (75
percent or more obstruction). Amount of current smoking was not a significant
predictor of serious obstruction after total pack-years were considered. On average. the
risk for such obstruction increased by about | percent per pack-year.

Cross-sectional studies of arteriographic findings can be difficult to interpret because
patients undergoing angiography are clearly not representative of the general popula-
tion. Nonetheless. these studies support the view that smoking causes an increase in
atherosclerosis and that very recent quitting has little impact on coronary stenosis.

Fried. Moore. and Pearson (1986} studied the effects of smoking by assessing the
coronary diameter in 31 men who had normal coronary arteriograms. Men with any
detectable stenosis in the main coronary arteries ormore than 25 percentinany coronary
branch were excluded to assess the effects of smoking on the caliber of coronary arteries
in the absence of atherosclerosis. These researchers found that atter adjustment for
alcohol intake (which is associated with wider arteries). current and former smokers
had 40 to 50 percent narrower arteries than did never smokers. The past smokers had
somewhat narrower arteries than current smokers afthough this was not statistically
significant. Of the 't ex-smokers. 6 had quit in the previous year. This study suggests
the possibility of another persisting effect of smoking. apart from promoting
atherosclerosis, not rapidly reversed by cessation.

Studies of Smoking Cessation and Risk of MI Among Healthy Persons

Case—Control Studies

Table | summarizes data from case—control studies (Willett et al. 1981: Rosenberg.
Kaufman. Helmrich. Miller et al. 1985: LaVecchia et al. 1987: Rosenberg. Palmer.
Shapiro 1990). of men and women from the United States and abroad. Prospective
studies of CHD are generally considered less prone to bias than case—control studies.
although case—control studies are probably less susceptible to misclassification result-
ing from resumption of smoking among former smokers. For example. an individual
diagnosed with a recent MI can probably recall his or her smoking status just before
the infarction with considerable accuracy (Chapter 2). Thus, case—control studies may
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TABLE 1.—Case~control studies of CHD risk among former smokers

Relative risk as compared with
B
! . never smokers
Number ot

Number of Number of Source of

) cases among Former Current
Reference Population cases controls controls former smokers smokers smokers
Willett et al. Nurses Health Study: women 263 5.260 Nested in cohort 29 Overall
(1981) aged 30-55 1.0(0.7-1.6) 3.02.3-4.0)
Quit |4 yr
1.5(0.7-3.
Quit 5-9 yr
1.5 (0.8-3.0)
Quit 210 yr
0.6(0.3-1.3)
Rosenberg. Eastern US men aged <55 1,873 2775 Hospital-based 348 L0914 292434
Kaufman, Helmrich,
Shapiro (1985)
Rosenberg, Eastern US women aged <50 RRK 1.864 Hospital-based 35 1.0(0.7-1.6) 1.4-7.0 depending on
Kaufman, Helmrich, cig/day
Miller et al. (1985)
LaVecchia et al. Italian women aged <55 168 251 Hospital-based 3 0.8 ((1.2-3.8) 3.6-13.1 depending
(1987) on cig/day
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TABLE 1.—Continued

Reference Population

Relative risk as compared with

former smokers

Rosenberg. Palmer. Eastern US women aged <65
Shapiro (1990)

never smokers"
Former Current
smokers smokers
Overall
1.2(1.0-1.7) 3.6(3.04.9)

Quit <24 mo
2.6(1.8-3.8)

Quit 24-35 mo
1.3

Quit 236 mo
00.8-1.1

NOTE: CHD=coronary heart discase.

954 confidence wterval shown  parentheses when available.



be quite valuable in assessing the time course for the decline in risk. However. the lack
of detailed data on fatal cases is a potential limitation of the case—control approach.

In a case—control study of women in the Nurses Health Study cohort, Willett and
coworkers (1981) identified 263 women who reported a nonfatal MI on the baseline
Nurses Health Study questionnaire in 1976 when they were 30 to 55 years of age. Their
smoking histories were compared with randomly selected controls corresponding in
age with a case—control ratio of 1:20. Women who were former smokers did not
experience increased risk of M1 with a relative risk compared with never smokers of
1.0 (95-percent confidence interval (Cl). 0.7-1.6). In contrast. current smokers had a
significantly elevated threefold higher risk of MI. When duration of abstinence was
assessed. it appeared that those who quit either 1 to 4 or 5 to 9 years earlier had a
nonsignificantly elevated risk of 1.5, and those who quit 10 years or more earlier had
a relative risk of 0.6. Because there were only 29 cases among tormer smokers. the
estimates for risk by duration of abstinence are not precise.

Rosenberg. Kaufman. Helmrich. and Shapiro (1985) specifically analyzed the impact
of smoking cessation on risk of first MI among 4.648 men less than 55 yeurs of age.
using a hospital-based case—control design. Men with known preexisting heart disease
were excluded. The 2,775 controls were mostly persons with fracture or sprain, disk
disorders, and gastrointestinal disorders thought not to be related to cigarette smoking.
There were 1,873 cases and 2,775 controls. For current smokers (smoked within the
past year), the age-adjusted relative risk was 2.9 (95-percent Cl, 2.4-3.4) and for past
smokers overall, it was 1.1 (95-percent Cl1. 0.9-1.4). The relative risk for those who
had not smoked for 12 to 23 months was 2.0 (95-percent CI. 1.1-3.8). For those with
longer durations of abstinence. the relative risk was 1.1 (95-percent C1.0.9-1.4) (Figure
2). The risk was increased for those smoking more cigarettes per day among current
smokers as well as recent quitters. For longer durations of abstinence. the amount
previously smoked appeared to have little impact. These investigators also examined
the effect of quitting within categories of other risk factors: in general, there were no
marked differences other than for diabetics among whom the benefits of cessation
appeared to be greater. The same group of investigators (Rosenberg, Kaufman,
Helmrich. Shapiro 1985) addressed the possibility that continuing smokers and former
smokers may differ in their underlying risk of heart disease. They found that those who
quit had a slightly higher risk profile. Hence. the benefit of cessation in this study cannot
be attributed to overall better health among those who quit.

Rosenberg and associates (1985) also conducted a hospital-based case—control study
of first nonfatal MI among women less than 50 years of age (Rosenberg. Kautman,
Helmrich, Miller et al. 1985). Women who smoked in the year before admission were
classified as current smokers. Participants consisted of 555 cases and 1.864 controls
who were hospitalized for trauma, orthopedic disorders. and other conditions thought
to be unrelated to smoking. Current smokers had relative risks increasing from 1.4 to
7.0, depending on the number of cigarettes smoked per day. Incontrast. former smokers
(at least 1 year of abstinence) had the same risk as never smokers, with a relative risk
of 1.0 (95-percent CI. 0.7-1.6).

In a recent report, Rosenberg, Palmer, and Shapiro (1990) further examined the
decline in risk of MI among women who stopped smoking. Cases included 910 women
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FIGURE 2.—Estimated relative risk of MI after quitting smoking among men
under age 55, adjusted for age: 95% Cls are indicated by
vertical line; relative risk for men who never smoked is 1.0
NOTE: Ml=myocardial intarction: Cl=contidence interval.

SOURCE: Rosenberg, Kautman, Helmrich, Shapiro (1985),

with first infarction: their smoking histories were compared with those of 2.375
hospitalized controls. Among tormer smokers overall. the relative risk of MI was 1.2
(95-percent CI} compared with never smokers: for current smokers the relative risk was
3.6. When former smokers were subdivided according to duration of abstinence.
women who had stopped smoking within the previous 24 months had a relative risk ot
2.6 (95-percent C1, 1.8-3.8). The relative risk was 1.3 for those who stopped smoking
24 to 35 months earlier. After 3 years of abstinence, relative risks ranged from 0.8 to
1.1 and were indistinguishable from that of women who had never smoked.
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Cohort Studies

Data from prospective cohort studies are summarized in Table 2. The British
Physicians Study of Doll and Hill (1954. 1956) was one of the important early studies
that established the link between smoking and risk of CHD and the health benefits of
cessation. The study is based on a survey of H).637 British physicians who responded
to a 1951 questionnaire inquiring about smoking behavior. A second questionnaire was
mailed to men in 1957-58 and to women in 1960-61: the response rate was 98 percent.
The 10-year followup (Doll und Hill 1964) used the updated dati to assess risk among
former smokers. Additional questionnaires were distributed in 1966 and 1972, with
response rates of 96 and 98 percent. respectively. The 20-year followup of 34.440 men
(Doll and Peto 1976) showed a reduction in CHD mortality among former smokers.
The benefits were more apparent in the younger age group. and the excess risk declined
with increasing duration ot abstinence. In men aged 30 to 54 years. the relative risk
among former smokers of 1 to 4 years” duration was 1.9 compared with never smokers:
relative risk further declined to 1.4 to 1.3 with a maximum of 20 years™ duration of
abstinence. Incontrast. persistent smokers had a relative risk of 3.5, In this study. those
who quit had smoked about 10 percent tewer cigarettes per day before quitting than did
persistent smokers.

The British Physicians Study also included 6.194 women. for whom the data were
reported separately (Doll et al. 1980). These women completed guestionnaires in 1951,
1961. and 1973, In contrast to most studies among adults, a substantial minority of
nonsmoking women in this cohort initiated cigarette smoking between 1951 and 1961.
Thus. the rates of smoking-related diseases among those classified as never smokers
are likely to be overestimated because never smokers. defined according to the 1951
data. included a proportion of subsequent current smokers. Overall, the relative risk of
CHD mortality among former smokers was 0.9 compared with 1.0 to 2.2 among current
smokers. depending on the amount smoked. Because there were only 26 cases among
former smokers. a detailed analysis was not performed.

The first large-scale American Cancer Society (ACS) cohort was assembled in 1952
when 187,783 men aged 50 to 69. living in 9 States, completed a questionnaire related
primarily to smoking (Hammond and Horn 1958a.b). The men were enrolled by over
22.000 ACS volunteers each of whom was asked to enroll 10 individuals, excluding
those who were seriously ill. There was no further update of cigarette use. These men
were studied for fatal outcomes for an average of 44 months, for a total of 667.753
person-years. Cause of death for 11,870 individuals was determined by death certifi-
cate. Compared with never smokers. the relative risk of death due to CHD among
current smokers of less than 1 pack per day was 1.75. Among former smokers of less
than | pack per day, those quitting within the previous year had a relative risk of 2.09.
those quitting | to 10 years earlier had a risk of 1.54, and those quitting for more than
10 years had a relative risk of 1.09. A similar pattern was observed among smokers of
I pack or more per day: among current smokers, the relative risk was 2.2: among
quitters within the past year, 3.00; among quitters of | to 10 years, 2.06; and among
quitters of more than 10 years, 1.60 (Figure 3). The authors speculated that the elevated
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TABLE 2.—Cohort studies of CHD risk among former smokers

Number of cases

Relative risks compared with
never smokers”

v among Former Current .
Reterence Population Followup former smokers smokc‘;m smokers Comments
Doll and Hill (1964) British physicians: 34,445 men 10 yr tor CHD deaths 28 Quit 14 yr 1.0§ 1.41 Smoking
61 S9yr 125 ascertained 1951,
59 10-14yr L.16 updated 1958
40 215yr 112
Dolland Peto (1976) British physicians: 34440 men 20 yr tor CHD deaths  Aged 30-54 3.5 Smoking data
7 Quit I4yr 19 assessed at
10 S9yr 1.3 baseline and after
10 10-T4yr 1.4 Tyr
7 21Syr 1.3
Aged 55-64 17
19 Quit I 4yr 1.9
34 S9yr 14
3 10-14yr 1.7
45 2l5yr 1.3
Aged 265 13
24 Quit I-4yr 1.0
76 59yr 1.3
62 10-14yr 1.2
148 215yr 1.1
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TABLE 2.—Continued

Number of cuses

Relative risks compared with
never smokers”

among Former Current
Reference Population tormer smokers smokers smokers Comments
Doll et al. (1980 British physicians: 6.194 women 22 yr for CHD deaths 26 0.91 1.0-22 Smoking assessed
depending on at baseline and
amount after 9 yr
smoked
Previousiy <1 ppd
Hammond and Horn 187.783 men aged 50-60 44 mo for CHD deaths 1.75
(195Ka.b) 23 Quit< [ yr 2.09 (143 cases)
80 1-10yr  [.54
40 >0y 1.09
Previously 21 ppd
S 2.20
18 Quit <t yr 3.00 (122 cases)
64 1-10yr 2.06
40 >0y 1.60
Previously 1-19 cig/day
Hammond and ACS CPS-1: 358.534 men free of 6 yr for CHD mortality 1.90
Garfinkel (1969) diagnosed CHD 29 Quit < yr 1.62 (1,063 cases)
57 l—tyr 122
55 S-9yr 1.26
52 10 14yr 096
70 220y 108
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TABLE 2.—Continued

Number of cases

Relative risks compared with

never smokers”

among Former Current
Reference Population Followup former smokers smokers smokers Comments
Hammond and Previously 220 cig/day 2.55
Garfinkel {1969) 62 Quit<l yr 161 (2.822 cases)
(continued) 154 I=4yr 151
135 S9yr 116
133 10-14yr 1.25
80 21Syr 105
ACS (unpublished ACS CPS-IE 1.2 million 4 yr for CHD deaths Men <21 cig/day 1.93 Persons with
tabulationsy men and women 14 Quit<lyr 143 cancer, heart
48 1-2yr 1.6l disease, and
47 I-Syr 149 stroke excluded wt
88 6-10yr 1.28 baseline
90 H=-15yr 0499
359 216 yr (.88
Men 221 cig/day 202
19 Quit<tyr 2.56
33 1-2yr 1.57
36 3-Syr 141
67 6-10yr 1.63
7! I-1Syr 1.16
182 2l6yr 1.0Y
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TABLE 2.—Continued

Number of cases
among

Relative risks compared with
never smokers”

Former Current

Reference Population Followup former smokers smokers smokers Comments
ACS (unpublished _Women <20 cig/day 1.76
tabulations) 3 Quit <t yr 2.13
(continued) 7 1=2yr (.87
11 3-Syr 1.31
12 6-10yr 0.74
17 I 1Syr 1.20
82 2layr 117
Women 220 cig/day 117
9 Quit <t yr 141
10 1-2yr 1.16
16 3-5yr 0.96
24 6-10yr 188
12 H=15yr 137
32 2l6yr 1.12
Dorn (1959); Kahn US veterans: 248.046 men 16 yr for 9.027 Stopped (overally 115 1.58 Those who quit
£1966); Rogot and cardiovascular <Syr 1.40 on doctor's orders
Murray ( 192'1())h deaths S Oyr 140 were excluded
10-14vr 1.30
15-19yr 1.20

220y 100
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TABLE 2.—Continued

Number of cases

Relative risks compared with

d
never smokers

. among Former Current
Reterence Population Followup former smokers smokers smokers Comments
Dorn (1959); Kahn FFor CHD deaths Stopped (overatl)  1.16 1.58 No update of
(1966); Rogot ﬂnd <Syr 1.40 smoking
N‘Iu”[”fly (‘I ;’8(” 5-9yr 140 information
(continued) 10-14yr £.30
15-19yr 120
220yr 110
Doyle etal. (1962) Framingham and Albany 6-8 yr for fatal and 10 0.9 2.3 Only baseline
cohorts 4120 healthy men nonfatal MI smoking data used
aged 30-62
Doyle et al. (1964) Framingham and Albany 10 yr (Framingham) 13 1.1(0.5-2.2) 2.0-3.0 No data on
cohorts of 4,120 healthy men & yr (Albany) MI and depending on duration
aged 30--62 CHD deaths amount smoked
Gordon, Kannel, 2.336 men in Framingham 18 yr tor CHD 24 0.7 1.3 Smoking
McGee (1974) Heart Study. aged 29-62 excluding angina information
updated bienmally
Rosenman etal. (1975) 3,154 healthy California 89 yr for fatal and 16 Aged 3940 1.9 25 Only bascline
men aged 39-59 nonfatal CHD Aged 50-59 1.1 smoking dita used



TABLE 2.—Continued

Number of cases

Relative risks compared with

never smokers”

. . among Former Current . .
Reference Population Followup former smokers smokers wmokers Comments
Cederlof et al. (1975) Sample of 51,911 Swedish 10 yr 97 Quit [-9yr LS total 1.7 Only bascline

men aged 18-69 Smoked <20 cig/day 0.9 smoking data used

Smoked 220 cig/day 1.6

86 Quit210yr 1.0 total

Smoked <20 cig/day (1.9

Smoked 220 cig/day 1.1
Fuller et al. (1983) Whitehall civil servants: 10 yr for 208 171 normo-glycemic 1.3 2.5 Prevalent cases of
18,403 men aged 40-64 CHD deaths 23 glucose intolerant 0.7 ! CHD not excluded

14 diabetics 3.8 2.9

Friedman et al. (1981)  25.917 Kaiser-Permanente 4 yr for 31 0.9 1.6 Prevalent cases of
subscribers in the San Francisco CHD deaths CHD not omitted:

arca, aged 20-79

exclusion of those
cases increased
the apparent
benetit of quitting
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TABLE 2.—Continued

Nunther of cases

Relative risks compared with
never smokers”

among : . Current
Reterence Population Followup tormer \“\tkerh :]‘:S:;L amokers Comments
Keys (198() 7-Countries Study or 10 yr tor About 13 2.3 24458 Relative risk
12,096 men free of CHD CHD deaths (Northern Europe) depending buased on only
on amount about § cases in
never smokers,
About 9 0.8 0.7-1.8 very small
thaly, Greece, depending numbers
Yugoslavia) on amount
About 7° (1'S) 0.7 16-3.0 Numbers
depending extrapolated from
on amount figures
Shapiro etal. (1969) HIP cohort about 39,000 3vi for Ml NR 1.0 1.8
menaged 35 64
Jujich, Ostield. 2,674 poor persons in 4.5 yr for 20 1.H 1.94 Stroke excluded
Freeman (1984 Cook County L aged 04 75 CHD deaths but prevalent
CHD not
excluded at
baseline
Willew et al, (1987) Nurses Health Study: 6 yr for nonfatal AN 1.5(1.0-2.1) 2.1-10.8

121,700 US women aged 30 S5

M1 and CHD deaths

depending on
amount simoked



TABLE 2.—Continued

Number of cases

Relative risks compared with
never smokers”

among Current
Reterence Population Followup former smokers smokers Comments
Floderus, Cederlof, 10.495 Swedish twins 21 yrfor 188 men 1418 No reassessment
Friberg (1988) aged 3675 CHD deaths 10 women depending on of smoking
amount smoked during tollowup:
no data on
duration
Lannerstad, Isacsson, 703 Malmé men. age 55 Syr 0 2.0 No cases anmong
Lindell (1979) former smokers:
only 2 innever
simokers
Holme et al. (1980) 14,816 healthy Oslo men. 4.7 NR Never and
aged 4049 ex-smohers had
about 404G of the
rish of cigaretie
smokers
Netterstrom and 2.465 Danish bus drivers 7.75 yr tor MI and 9 5.000.7-36.0)

Juel (1988)

CHD death

NOTE: CHD=coronary heart discase: ppd=packs/day: ACS CPS-Tand -li=American Cancer Society Cancer Prevention Studies Fand Hy HHP=heahth insurance plant Mi—myocardial nfaretion:

NR=not reported.
"95% confidence interval shown in parentheses when available.

"Breakdowns of relative risk derived trom figure presented in paper cited.

“Extrapolated from figure presented in paper cited.
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FIGURE 3.—Mortality ratios due to coronary artery diseases; rates for men
who have stopped smoking are compared with those for men
who never smoked and those for men still smoking in 1952
NOTE: ppd=packs/day.
SOURCE: Hammond and Horn (1958b).

risk among recent quitters reflected the inclusion of men who stopped smoking because
of early symptoms of heart disease.

A second cohort study. the ACS Cancer Prevention Study 1 (CPS-1) (formerly called
the ACS 25-State Study). was undertaken between 1959 and 1972. Recruitment was
by family, and eligible families had at least one person aged 45 or older. All family
members aged 35 or older were asked to participate in the study: more than | million
persons were enrotled. In a 6-year followup of 358.534 men free of diagnosed serious
iliness. clear reductions in risk of CHD mortality were observed among former smokers
compared with current smokers (Hammond and Garfinkel 1969). Among those smok-
ing less than 1 pack per day. the relative risk among current smokers was 1.90. Among
those who stopped in the previous year. the relative risk was 1.62, and among those



with 10 years or more of abstinence, the risk was nearly the same as that for never
smokers. A similar pattern was observed among those smoking 1 pack or more per day.
Current smokers at that level had a relative risk of 2.55. Quitters of less than 1 year
had a relative risk of 1.61, and those with between 10 and 20 years of abstinence had
only a slightly elevated relative risk of 1.25. Because of the very large number of deaths
and the careful followup. the estimates of effect are relatively precise. In this period.
cigarette smoking declined substantially. especially in the predominantly white, mid-
dle- to upperclass groups represented by the study population. Hence, some misclas-
sification of the current smoking group may have occurred. but the relative risks among
former smokers, apart from the most recent quitters (some of whom inevitably resumed
smoking). are likely to be accurate.

In 1982, a third ACS cohort. CPS-II. was initiated in 50 States. The methods for
recruitment and the population enrolled were similar to CPS-I, but the cohort was larger,
with more than 1.2 million participants (Chapter 3). Preliminary data based on 4 years
of followup were published in the 1989 Surgeon General’s Report (US DHHS 1989).
Among men. former smokers aged 35 or younger had relative risks of CHD of .41,
those aged 36 to 64 had 1.75, and those 65 or older had 1.29; the relative risks among
current smokers were 1.94, 2.81, and 1.62. respectively. A generally similar pattern
wis seen among women.

When the data are examined by amount of previous smoking and time since quitting,
the pattern of changing risk is influenced by the presence of disease at enrollment.
When those who reported themselves as sick or as having previously diagnosed cancer,
heart disease. or stroke at baseline were not excluded from the analysis. men who
previously smoked fewer than 21 cigarettes per day and who had quit smoking within
the previous 3 years experienced a CHD mortality rate that was about 6 percent higher
than that among current smokers. However, with increasing duration of abstinence, the
risk among former smokers came very close to that of never smokers: after 16 years or
more, the relative risk was 1.01 (US DHHS 1989). It is likely that the early peak in
mortality among recent quitters partly reflects the effect of having included those who
quit because of smoking-related illness. After excluding those with cancer, heart
disease, and stroke at baseline, this early excess mortality is less apparent (Table 2). In
all categories, those who quit 1 to 2 years earlier had relative risks substantially lower
than those of current smokers. Findings are less consistent for those who quit within
the past year, presumably because of a high incidence of smoking resumption in that
group and the possible inclusion of persons who stopped smoking as a result of
symptoms due to undiagnosed illness. A very similar pattern was observed among men
who smoked 21 cigarettes or more per day, except that the relative risks were higher
for all but those with the shorter period of abstinence. The absolute rates were lower
for women, as expected, and the relative risks are thus statistically unstable. Neverthe-
less, the overall patterns among female smokers were generally similar to those among
male smokers.

To examine the effects of smoking cessation at different ages. CPS-1I data on
cumulative mortality rates due to CHD were tabulated for 5-year categories of age at
cessation. (See Table 3 and Chapter 3 for a description of the methods used to calculate
these rates.) The mortality rates used for these calculations were based on subjects not
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TABLE 3.— Estimated probability of dying from ischemic heart disease in the
next 16.5-year interval (95% CI) for quitting at various ages
compared with never smoking and continuing to smoke, by amount
smoked and sex

Age at quitting Continuing smokers Former smokers
or at start of Never - - - .
interval smokers <21 221 <21 221
MEN
4044 0.01 0.03 0.03 0.01 0.02
(01-0h) (.02-.03 .03-.04) (.00-.02) 1.01-.02)
45-49 0.02 0.04 0.04 0.02 0.02
(.01-.02) (.04-.05) (.04-.05) (.01-.03) (.01-.03)
50-54 0.04 0.07 0.06 0.04 0.04
(.03-.03) (.06-.07) (.06-.07) (.03-.05) .02-.05)
5§5-59 0.05 0.10 0.09 0.05 0.08
(.05-.06) (.08-11 (.07-.10) (.04-.07) (.06-.10)
60-64 0.10 0.14 0.16 0.12 0.10
(09-.11) (.12-.16) (.10-21) (.09-15) 1.06-.15)
65-69 0.15 0.20 0.13 Q.14 Q.12
(.13—-.17) (.16-.25) (.08-.19) .07-21 .00-.24)
70-74 0.13 0.17 0.10 0.19 0.11
(11-14) (.13-22) (.05-.16) (.10-29) (.02-.20)

sick at interview or giving a history of heart disease. cancer. or stroke. For both women
and men. during the next decade-and-a-half cumulative CHD mortality for those who
stopped smoking before age 60 was about half that of those who continued to smoke.
This same pattern of reduced risk extended to those who stopped smoking between ages
60 and 64. Afterage 65. few persons stopped smoking. as indicated by wide confidence
intervals, so that no clear patterns could be determined.

Because the methods used in CPS-I and CPS-II are similar. it is appropriate to
compare the results of the two studies. In CPS-II. the relative risks of CHD for current
smoking among men and women are substantially higher at every age than those
observed in CPS-1. The higher relative risks for CHD and other smoking-related
diseases among women in CPS-II are possibly due to the earlier age of smoking
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TABLE 3.—Continued

Age at quitting Continuing smokers Former smokers
or at start of Never : " -
interval smokers <20 220 <2Ar 220
WOMEN
4044 0.00 0.01 0.01 0.00 0.00
(.00-.00) (.00-.0D .01-01) (.00-.01) 00-01)
45-49 0.00 0.01 0.01 0.00 0.01
(.00-.01) (.01-01) 01-.02) (.00-.00) .00-01
50-54 0.01 0.02 0.03 0.01 0.02
(.01-.01) (.02-.03) (.02-.03) (.00-.02) .01-.02)
55-59 0.02 0.04 0.05 0.01 0.02
(.02-.02) (.03-.05) (.04-.06) (.00-.02) {.01-.04
60-64 0.04 0.06 0.08 0.02 0.04
(.03-.04) (.04-.07) (.06~.10) (.00-.05) (.01-.06)
65-69 0.07 0.11 0.12 0.12 0.09
(.07-.08) (.07-.15) (07-.18) (.03-21 (.01-.17)
70-74" 0.07 0.09 0.11 0.03 0.02
(.06-.07) (.05-.13) (.05-.16) (.00-.08) (.00-.05)

NOTE: Based on subjects not sick at enrollment or giving a history of cancer. heart disease. or stroke: 95%
confidence interval (CI) shown in parentheses.

* Cig/day.

® Estimates for quitting at this age are estimates of the probability of dying in the next 12.5-yr interval.
SOURCE: Unpublished tabulations. American Cancer Society.

initiation in the more recent cohort (US DHHS 1989). The higher relative risks among
men are more difficult to explain because the age of initiation has not changed
substantially among men over time (US DHHS 1989).

The large size and careful methodology of the three ACS cohorts provide consider-
able evidence for the benefit of quitting in reducing risk of CHD. These studies also
provide strong evidence that there is some residual risk of CHD attributable to past
smoking that persists for a considerable duration after cessation.

The U.S. Veterans Study (Dorn 1959; Kahn 1966; Rogot 1974; Rogot and Murray
1980) has also provided useful information on the health effects of smoking. The
population was drawn from 293,958 U.S. veterans who held Government life insurance
policies in December 1953. In 1954, a total of 198,820 individuals returned mailed
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questionnaires about their smoking behavior, and 1n 1957, an additional 49.226
responded. Those who stopped smoking on a physician’s orders were excluded from
the anulvsis.  Mortality in this cohort was monitored. and death certificates were
obtained to assess cause of death. Smoking status after the baseline questionnaire was
not ascertained. After 16 years of followup. quitters at enrollment when compared with
never smokers had relative risks of 1.15 for all cardiovascular mortality and 1.16 for
CHD death specifically (Rogot and Murray 1980). In contrast. men who were current
smokers at baseline had relative risks of 1.58 for these two categories. Among past
smokers. risk of death due to CVD increased with higher previous usual daily cigarette
consumption. The relative risks among past smokers. compared with never smokers.
ranged from 1.02 for less than 10 cigarettes per day to 1.34 for 40 cigarettes or more
per day. This gradient was more pronounced among current smokers (Figure 4).

A gradient was also apparent for decreasing risk with increasing duration of smoking
abstinence. For both cardiovascular and coronary mortality. there was a moderate
decrease in risk with short duration of abstinence and a smaller. but consistent decline
in risk with longer periods of abstinence (Figure 5). After 20 years or more of
abstinence. the relative risk of CVD was 1.04. and for coronary death. the risk was 1.05.

The major strength of the U.S. Veterans Study is the large numbers. with 21.413
deaths from CVD among smokers and 9.027 among former smokers. The long
followup period without reclassification of smoking status is a limitation. which will
tend to lead to an underestimate of the effect of sustained smoking and an underestimate
of the benefits of quitting {Chapter 2). This source of potential bias may not have
markedly distorted the estimates in this study: in the followup of this cohort (Rogot
and Murray 1980), the relative risk for cardiovascular mortality associated with current
smoking at enrollment was 1.62 at 8.5 vears and .58 at 16 vears: for coronary disease,
the relative risk was 1.61 at 8.5 vears and 1.58 at 16 vears. Thus. the impact of
misclassification of current smokers who quit (and theretore lowered their risk) as
persistent smokers appears to be slight. A similar comparison of the relative risks
among former smokers is less informative in assessing the impact of misclassification.
Most quitters who resume smoking do so within 2 years after cessation. Theretore,
misclassitication of ex-smokers between 8.5 and 16 vears of cessation is likely to be
small.  For both cardiovascutar mortahity and coronary mortahity. the relative risks
among ex-smokers declined slightly from 1.21 at 8.5 vears of followup to I.1Sand .16
at 16 vears of followup. This 1s consistent with the inverse relation between duration
of smoking cessation and mortality ratio.

Among current smokers n the U.S. Veterans Study. the relative risks of coronary
disease were shightly higher after 8.5 years of followup (refative risk (RR)=1.95 for > 20
cig/day) than atter 2.5 vears of followup (RR=1.75) (Dorn 1959). As expected. those
who stopped smoking on a physician’s orders were at higher risk of death regardless
of their smoking status.

An carly report of combined data from the Framingham and Albany Heart Studies
(Dovle et al. 1962) included 4.120 men free from coronary disease at entry into the
study. The Framingham Study data were based on 6 years of followup and the Albany
Heuart Study data on 8 years of tollowup. Among the 411 former smokers in the
combined cohort. the relative risk of Ml tage-adjusted) was 0.9 compared with never
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FIGURE 4.—Mortality ratios for all cardiovascular diseases and CHD, by
daily cigarette consumption, US Veterans Study, 195469

NOTE: Ex-smokers includes only former cigarette smokers who stopped smoking for reasons other
than physicians orders.

SOURCE: Rogot and Murray (1980).
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FIGURE 5.—Mortality ratio for current and former cigarette smokers by
vears of smoking cessation, US Veterans Study, 1954-69

NOTE: Ex-smokers includes only tormer cigarette smokers who stopped smoking for reasons other
than physician’s orders

SOURCE: Rogot and Murray (19800,

smokers. 60 percent lower than among current smokers. A more detailed analysis was
not possible because only 10 cases occurred among former smokers.

In a second report using the combined data trom the Framingham Study and the
Albany cohort (Dovle et al. 1964}, the relative risk tor former versus never smokers
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was 1.1 (95-percent CI, 0.5-2.2). Current smokers had significantly elevated relative
risks ranging from 2.0 to 3.0. depending on the amount smoked.

In a later report from the Framingham Study based on I8 years of followup biennial
examinations, Gordon. Kannel. and McGee (1974) assessed the eftects of smoking
cessation. In this analysis. anyone who smoked for | year or more during the most
recent 2-year interval between examinations was considered a current smoker. Ap-
proximately 20 percent of men who reported that they had quit smoking at entry into
the study resumed smoking: about half of those smoked very little or only intermittently
after resumption. Compured with current smokers. former smokers had a 30-percent
reduction in fatal and nonfatal CHD (excluding angina): the relative risk among current
smokers compared with that among never smokers was 1.3. Other coronary risk tactors
were examined in detail: there were no significant differences between persistent
smokers and those who quit. but those who quit were more likely to be ill. Hence. it
would be expected that adjustment for confounding would have revealed even greater
benetit from cessation. The benetit of quitting seemed more marked in younger men.
However. there were only 24 cases of CHD among the quitters so that a detailed analysis
could not be performed.

The Western Collaborative Group Study monitored a cohort of 3.524 men for an
average of 8.5 years for CHD incidence (Rosenman et al. 1975). Information collected
at baseline among men aged 39 to 49 indicated that former smokers had a relative risk
of 1.9 compared with that of never smokers, 20 percent lower than among current
smokers. For men aged 50 to 59. former smokers had a relative risk of 1.1 compared
with never smokers. 40 percent less than among current smokers. This effect of
cessation was slightly greater than that observed after 4.5 years of followup (Jenkins,
Rosenman. Zyzanski 1968). The difference between the age groups could be a true
effect or may reflect different levels of misclassification: it is possible that a greater
proportion of the quitters in the younger group than in the older group resumed smoking.

In 1963, a prospective study of smoking and mortality was conducted in Sweden by
sending questionnaires to a probability sample of men aged 18 to 69 (Cederlof et al.
1975). A total of 51911 respondents provided some information: a subsample of
11.739 were sent followup questionnaires in 1969. In that interval, 12 percent of the
former smokers had resumed cigarette smoking. and an additional 8 percent initiated
pipe or cigar smoking. The men were monitored for 10 yvears for mortality and cancer
morbidity. Men who quit within the past 9 years had a significantly elevated relative
risk (RR=1.5) that was nearly as high as the relative risk for current smokers (RR=1.7).
In contrast, those with a longer duration of abstinence had a relative risk of 1.0. Men
with diseases at baseline were not excluded. so it is likely that the benefits of recent
cessation are obscured by the inclusion of men with disease-induced quitting.

The Whitehall Civil Servants Study (Rose et al. 1977; Fuller et al. 1983) is another
important source of data on risk factors tor CHD. Between 1967 and 1969. a total of
18.403 male civil servants aged 40 to 64 were examined. In the 19-year followup. the
age-adjusted CHD mortality rate among 17.051 persons with normal blood sugar was
50 percent lower for quitters than for current smokers. When compared with never
smokers. the relative risk for former smokers among normoglycemics was 1.3, Among
the 999 men with glucose intolerance (but not diabetes). the risk for tormer smokers
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was 30 percent lower than that for current smokers. Overall. the 224 diabetic men
experienced a very high risk of CHD: among this group the risk for former smokers
was 30 percent higher than for current smokers (based on 10 cases among the current
smokers). These data are generally consistent with other studies in the overall findings,
but suggest that smoking cessation may not have the same benefit for diabetics as for
the general population: however. this finding is based on small numbers, and the
severity of diabetes was not considered in the analysis. This study did not provide any
information on the time course of the decline in risk after cessation. It is also likely that
during the long followup period. a substantial percentage of current smokers quit
smoking.

The effect of differences in coronary risk factors other than smoking was examined
in quitters and persistent smokers by Friedman and colleagues (1979). As expected.
there were a number of differences between quitters and persistent smokers when they
were studied at a ime in which individuals in both groups were smoking. A followup
analysis ot this same population was conducted to assess the impact of quitting on risk
of CHD and to evaluate the effect of differences between these groups that might alter
CHD risk (Friedman et al. 1981). Smoking was assessed by questionnaire at ap-
proximately annual multiphasic health checkups given at the Kaiser-Permanente Medi-
cal Centers in San Francisco and Oakland. CA. There were 9.394 persistent smokers.
2.856 persistent quitters (those who denied smoking at 2 sessions after an examination
when they were currently smoking), and 12.697 never smokers. The cohort was
monitored for an average of 4 years for a total followup of 188.436 person-years. The
age-, sex-. and race-adjusted death rates (per thousand person-years) associated with
CHD were 2.6 among smokers, 1.4 among quitters. and 1.6 among never smokers.
After adjustment for baseline differences. quitters had a risk ot tatal CHD that was 55
percent lower (95-percent CI, 74-22) compared with persistent smokers. By excluding
individuals with trank coronary disease at basehne. a slightly higher benefit for quitting
was demonstrated. Further adjustment for measures of smoking intensity slightly
attenuated the reduction in risk to 47 percent. suggesting that only a small part of the
apparent benefit of quitting is attributable to the fact that quitters were less intense
smokers at initiation of smoking. Only the number of cigarettes smoked had any
measurable impact: depth of inhalation and duration of smoking had no effect. Except
for women during the first halt of this century. most smokers begin to smoke during
adolescence: thus. duration is very highly correlated with age in most populations.
These findings generally confirmed previous results from the same study (Friedman.
Dales. Ury 1979).

The Seven Countries Study (Keys 1980) provided a valuable resource for analysis of
risk factors for CHD. A total of 16 cohorts of men. aged 40 to 59, living in 7 countries.
were examined and monitored for 10 years for CHD incidence. The cohorts were
assembled between 1958 and 1964, and consisted of 12.096 men tree from CVD. In
each grouping of cohorts. former smokers had a lower risk of CHD than did current
smokers. However. only about 28 cases of CHD death among tormer smokers were
reported: therefore. no detailed analysis was possible.

Data on the health effects of smoking cessation are also available from the Health
Insurance Plan of Greater New York. The incidence ot MI was ascertained over a
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3-year interval among 110.000 individuals (Shapiro et al. 1969). A total of 613 cases
of MI were reported among men aged 35 to 64 in this group. Compared with current
smokers. those who quit in the preceding 5 years had a 50-percent lower risk: compared
with never smokers. the relative risk was 1.0. As in other studies. the percent reduction
in risk associated with smoking cessation tended to be lower in the older age groups.
but a decreased risk associated with quitting was apparent among all ages.

Many studies of smoking cessation have focused on middle-aged men and women.
Even as recently as the late 1970s. current smoking was considered to be a minor risk
factor for CHD beyond age 65 (US DHEW 1979). and the benefits of cessation among
older persons have been questioned (Seltzer 1974, 1975). Jajich. Ostfeld. and Freeman
(1984} assessed the effect of quitting among 2.674 recipients of public assistance aged
64 to 75 in Cook County, IL. Of the 2,674 individuals studied. 270 were past smokers,
873 were current smokers. and 1.248 were never smokers. Participants were screened
at baseline and monitored for 4 years for CHD mortality. Overall, former smokers had
a relative risk of CHD mortality of 1.11 (based on 20 exposed cases). whereas current
smokers had a relative risk of 1.94. The number of cases was inadequate for a detatled
analysis of the effect of duration of abstinence. Persons with heart problems were not
excluded at baseline. Approximately one-third of the CHD deaths were among those
with such a history; therefore, it is likely that the apparent benefits of quitting may be
understated because of the tendency of such individuals at high risk to quit because of
illness. These data provide some evidence that the benefits of cessation extend to older
adults.

The British Regional Heart Study (Cook et al. 1986) monitored 7.735 men aged 40
to 59 who were randomly selected from general practice lists in the United Kingdom.
The men were screened at baseline and studied for 5 10 7.5 years for incidence of fatal
and nonfatal CHD; in this interval, there were 336 CHD outcomes. Those with CHD
at baseline were not excluded. Compared with never smokers. quitters had a relative
risk of approximately 2.5. compared with current smokers. the relative risk was
approximately 30 percent lower. Men who quit smoking within the previous 5 years
had a relative risk of approximately 3.3, compared with 3.6 among persistent smokers.
Those who had quit more than 5 years earlier had a relative risk of approximately 2.3,
but there was no evidence for a trend of decreasing risk with increasing duration since
cessation. Even those who had quit 20 or more years earlier had an elevated risk. After
adjustment for other risk factors, the relative risk in this group was 1.6 (p=0.11).

As expected, the prevalence of CHD at baseline among quitters was significantly
higher than for either current or never smokers. Presumably. the diagnosis of disease
provided a motivation 1o quit. When these men were excluded. the relative risks were
attenuated. Nonetheless. for those who had quit in the previous 5 years. the relative
risk was still elevated at 3.2. The total years of smoking was suggested as the most
important variable. [t was also suggested that cessation lowered risk primarily by
preventing the accumulation of further years of smoking. Itis noteworthy that aithough
results of this study are adequate to show an elevated risk among past smKkers. the
number of cases among former smokers is too small to provide precise estimates of risk
at the various durations since quitting. For example. there are only 11 cases in the group
that quit 20 or more years earlier.



Many studies of large cohorts examined the effects of smoking primarily among men.
However, the Nurses Health Study investigators reported on smoking and CHD in a
cohort of 121,700 women monitored through biennial questionnaires from 1976 to 1982
(Willettet al. 1987). Women with previously diagnosed CHD were excluded from the
analysis. Compared with never smokers. former smokers had a relative risk of 1.5
(95-percent CI. 1.0-2.1). In contrast. current smokers had a substantially elevated
relative risk. ranging from 2.1 for smokers of 5 to 14 cigarettes per day to 10.8 for those
who smoked 45 cigarettes or more per day. There was no further analysis for the effect
of duration of abstinence. The authors suggested that the slight elevation in risk of
ex-smokers was due. in part. to resumption of smoking by some fraction of the former
smokers. Adjustment for age: obesity: menopausal status; estrogen use: family history
of MI: and personal history of diabetes. hypertension. and high cholesterol in a
multivariate analysis led to an identical relative risk of 1.5. demonstrating the absence
of confounding by these coronary risk tactors in this population.

In another cohort study. Floderus, Cederlof. and Friberg (1988) monitored 10.945
twins born in Sweden between 1886 and 1925. Smoking behavior was ascertained at
baseline in 1961, and the cohort was studied for mortality for 21 years using matched-
pair analysis. Among the males. former smokers compared with never smokers had a
risk of coronary mortality of 1.0 (95-percent CL. 0.8—1.1). In contrast. current smokers
had relative risks ranging from 1.4 to 1.8 depending on amount smoked. There were
no data on duration of abstinence at baseline. and there may have been changes in
smoking prevalence during the long followup that would tend to attenuate the relative
risk.

In a unique cohort design. Raichlen and coworkers (1986} examined progression of
atherosclerosis among 32 men who underwent coronary angiographies at least 2 years
apart. Among current smokers, progression of disease was statistically significant and
was correlated with pack-years smoked during the interval. Among past smokers, the
degree of progression of atherosclerosis was far less than among current smokers: it
was not statistically different from lack ot progression.

Several other cohort studies have reported on the relation of smoking cessation with
risk of CHD: however. the number of subjects was generaily too small to contribute
substantially to knowledge in this area (Table 2).

Intervention Trials

In several clinical trials. an attempt has been made to evaluate the eftect of altering
risk factors tor CHD. including smoking (Chapter 31. Most of the trials including
smoking cessation have also incorporated interventions tor other CHD risk factors
making it difficult to assess the independent eftect of quitting. Nonetheless. these data
have extended the understanding of the effects ot smoking cessation on CHD risk.
Assessing self-report of smoking cessiation or decrease in cigarette consumption is
another potential ditficulty. There may be a tendency for subjects in a trial to seek
approval and avoid negative feedback by reporting less cigarette use than is actually
the case (Chapter 2). Such a tendency would have the effect of misclassitication and
would yield an underestimate of the benefits of cessation (Table 4).
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TABLE 4.—Intervention trials of smoking cessation and CHD risk

Effect of

. Cases among Overall etfect of smoking cessation
Reference Population Intervention Qutcome former smokers intervention (nonrandomized)
Hughes etal. (1981); MRFIT: 12866 healthy US Diet, reduction in weight. CHD deaths 15 7% decline in 44% reduction
MREFIT Research men aged 35-57 at high CHD  hypertension, and smoking intervention group compared with
Group (1982.1986).  risk persistent smokers
Grimm (1986):
Ockene et al. MRFIT: 7,663 participant Diet. reduction in weight, CHD deaths 33 Quitters had 429%
(1990) smokers at entry hypertension. and smoking reduction (16-60% )
comparing guitters
at first annual exam
to smokers at that
time
MRFIT: 6.943 participant Diet. reduction in weight, CHD deaths 12 — Quitters had 65%
smokers at entry hypertension, and smoking reduction (37-80%)
comparing 3-yr
persistent quitters
with persistent
smokers
Hjermann et al. Oslo study: 1,232 healthy Diet and smoking Fatal and 16 47% decline in Smoking cessation
(1981) Oslo men aged 4049 at high nonfatal MI ntervention group accounted for about
CHD risk 25% of the
difference between
the groups
Kornitzer et al. 19.409 male Belgian tactory Antismoking, Fatal and 169 24.5% reduction in No specitic analysis
(1983) workers, aged 40-59 hypertension control nontatal MI intervention group conducted for effect

of smoking cessation
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TABLE 4.—Continued

Cases among

Overall eftect of

Effect of
smoking cessation

Reference Population lntervention Outcome former smokers intervention (nonrandomized)
Rose. 12 pairs of factories in UK. Dict. antismoking, Nonfatal M1 403 4% net reduction No specific analysis

Tunstall-Pedoc.

18,210 men aged 40-59
Heller (1983)

Rose et al. (1982) 1.445 healthy British ¢ivil
servants all smoking at high

CHD nisk

Withelnsen et ak
(1986)

10,004 random Goteborg
menaged 45- 55

hypertension control

Antismoking advice

Antihypertensive, dictary,

antisimoking advice

and CHD deaths

CHD deaths 49

Major CHD NR

in prevalence of current
smoking. virtually no
difference in outcome
between the two groups
19% reduction in
intervention group

No difference

of ex-smokers

19% CHD reduction
in group offered
antismoking advice,
not statistically
significant
Intervention
achieved only small
differences between
the groups tor
smoking and other
risk factors

NOTE: CHD=coronary heart disease: MREIT=Muluple Rish Factor Intervention Trial: Ml=my ocardiad intarction: NR=not reported.



The Multiple Risk Factor Intervention Trial (MRFIT) was designed to test whether
reduction of diastolic blood pressure. serum cholesterol. and cigarette smoking
decreases the incidence of CHD (Hughes et al. 1981: MRFIT Research Group 1986:
Grimm 1986). Men aged 35 to 57 were screened: of those in the upper 15 percent of
CHD risk (based on coefficients from the Framingham Study). but without overt CHD.
6.428 were randomized to special intervention. and 6.438 were assigned to usual care.
Men in the special intervention group were given intensive instructions concerning diet
and smoking cessation and were treated for hypertension. Those in the usual care group
were referred to their regular source of medical care. The difference in total cholesterot
between the two groups was only half that expected: because of better than anticipated
hypertension treatment in the usual care group. the difference in blood pressure was
also substantially less than expected. At the outset. 59 percent of the participants were
current cigarette smokers. After 12 months. 31 percent of the smokers in the interven-
tion group had quit (verified by thiocyanate (SCN ") levels) compared with 12 percent
of the smokers in the control group. Atthe end of the 6-year trial. 46 percent of smokers
in the intervention group had quit compared with 29 percent in the control group.
Mortality resulting from CHD was only 7 percent lower in the special care group. a
difference that did not approach statistical signiticance. The authors suggested that the
small decrease in risk was due in part to the smaller than anticipated differences in risk
factor levels between the two groups and that some of the benefit in risk factor reduction
might possibly have been counterbalanced by an unfavorable response to antihyperten-
sive therapy in some of the hypertensive patients (MRFIT Research Group 1982).
Within the intervention group. those who quit in the first year had a multivariate-
adjusted relative risk 50 percent lower than that of persistent smokers: in the control
group. adjusted relative risk 30 percent lower than that of persistent smokers. In this
trial, risk of sudden CHD death was reduced 65 percent among quitters compared with
persistent smokers. Because all participants were seen at least annually. the possible
misclassification of smoking status was minimized.

The 10.5-year followup data from MRFIT have recently been published (MRFIT
Research Group 1990). Deaths due to CHD were 10.6 percent lower in the special
intervention group (95-percent Cl1.-23.7 to 4.9) compared with the usual care group
(two-sided p value=0.24). This reduction in risk was largely attributable to a 24.3-
percent lower risk of death due to acute MI (2-sided p value=0.04). Total cardiovascular
mortality was 7.1 percent lower after 10.5 vears in the special intervention group
compared with the usual care group (p>0.05). In one analysis not based on randomized
groups, CHD mortality rates of smokers who had gquit within the first 12 months of the
trial and of those who were still smoking at that time were compared (Ockene et al.
1990). Quitters had a 37-percent reduction in mortality. After adjustment for other
CHD risk factors, the reduction was 42 percent (95-percent CL 16-60). The slightty
greater benefit observed after adjustment for risk factors indicates that there was little
confounding and that it was in the direction that would tend to underestimate the benefit
of cessation. This analysis ignored any changes in smoking status after the first annual
examination. To the extent that either some of the quitters resumed smoking or some
of the current smokers quit, that analysis would yield an underestimate of the benetits
of cessation. A second analysis compared quitters who remained abstinent at the first
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three annual examinations with persisient smokers. In this analysis. which would be
affected to a lesser extent by misclassification, former smokers had a 65-percent
reduction in risk compared with persistent smokers (95-percent CI, 37-80).

A trial using a somewhat similar design was conducted in Oslo. Norway (Hjermann
et al. 1981: Hjermann. Holme. Leren 1986). Males aged 40 to 49 were screened for
coronary risk. and normotensive men at high risk ot CHD due to elevated serum
chotesterol, smoking, and other risk factors were identified. The participants had no
clinical CHD at the time ot randomization to the intervention or control group (N=604
and N=628, respectively). The intervention consisted of advice and instruction on
altering diet and reducing smoking. Participants were examined at least annually during
the 5 years of followup. After 5 years, fatal and nonfatal CHD was reduced in the
interventiongroup by 47 percent. There was greater success in reducing cholesterol in
this trial than in inducing smoking cessation. The mean serum cholesterol was ap-
proximately 13 percent lower in the intervention group than among the controls.
However, only 25 percent of the smokers in the intervention group and 17 percent in
the control group quit entirely. although many reduced the amount smoked. There was
an inverse relation between CHD incidence and percentage change in tobacco con-
sumption. but this did not attain statistical significance. The authors calculated that
approximately 25 percent of the difference in CHD incidence between the two groups
was attributable to differences in smoking.

A second report (Hjermann. Holme. Leren et al. 1986) included followup through
102 months. Statistically significant reductions among the intervention group com-
pared with the control group were seen for fatal coronary events (reduced 59 percent).
total coronary events (reduced 44 percent). and total cardiovascular events (reduced 61
percent).

The World Health Organization European Collaborative Trial in the multifactorial
prevention of CHD was conducted at several sites in Europe. Pooled results were
reported from centers in the United Kingdom. Belgium, haly. and Poland (WHO
European Collaborative Group 1983): separate reports have also been published from
centers in the United Kingdom (Rose. Tunstall-Pedoe. Heller 1983) and Belgium
(Komitzer et al. 1983). A total of 66 factories involving 49,781 men were randomized
to a multitactorial risk tactor reduction program or to the control group. The reduction
of levels of risk tuctors varied considerably among the centers. Overall. the reduction
in risk factor levels was modest. and there was no significant decline in CHD endpoints
in the intervention group. The effect on CHD was broadly correlated with changes in
risk tuctors. There was no specific analysis on the impact of smoking cessation.

The Belgian center was the Targest in the European Collaborative Trial. Fifteen pairs
of factories were randomly allocated to the intervention or control groups. which
included 19409 men aged 40 to 59 years. The intervention included advice about
smoking cessation and reduction of hypertension and elevated cholesterol.  Subjects
were screened as part of the trial. but referred to their own physicians for therapy. After
6 years. there was @ 24.5-percent reduction in fatal and nonfatal CHD in the intervention
group compared with the control group (p=0.03) (Kornitzer et al. 1983). The rates in
the interventton and control groups continued to diverge throughout the followup

228



period. No specific analysis was conducted to assess the independent effect of smoking
cessation on risk of CHD.

The multifactor primary prevention trial in Goteborg, Sweden focused on reduction
of hypertension, elevated serum cholesterol. and smoking (Withelmsen et al. 1986). A
random sample of 10.004 men aged 45 to 55 years was included in the intervention
group. and 2 other random samples of the same size were identified as controls. Of
those invited to participate in the intervention group. 7.495 attended the first screening
examination. At the outset. within the intervention and control groups combined. 20.6
percent were former smokers. After 4 years. the proportion of former smokers in-
creased to 27.7 percent. and after 10 years to 39.4 percent in the intervention group. In
the control group. the percentage of former smokers also increased—to 22.3 percent at
4 vears and to 36.1 percent at 10 years. The differences achieved for other risk fuctors
between the intervention and control groups were aiso quite small. After 10 years. there
were virtually no differences in fatal and nonfatal outcomes between the groups.

The center in the United Kingdom was also large (Rose. Tunstall-Pedoe. Heller
1983), with 12 pairs of factories and 18.210 men aged 40 10 59 years. There were only
very modest changes in risk factors other than cigarette smoking. The reported number
of cigarettes smoked per day in the intervention group decreased by 16 percent. but the
proportion of current cigarette smokers decreased by only 4 percent. Rose and Hamil-
ton (1978) stated that whereas self-report of cessation is likely to be reasonably accurate,
reported decreases in smoking are probably exaggerated. With such small net changes
in risk factors, it is not surprising that there was virtually no difference in the rate of
CHD between the two groups.

Only one trial has attempted to assess the effect of advice for smoking cessation
without intervening for other risk factors simultaneously. In theory. trials of this design
can provide the clearest indication of the effect of such advice in the absence of other
effects. Participants were selected from a cohort of 16.016 from the Whitehall Civil
Servants Study (Fuller et al. 1983). From this group. 1.445 high-risk male smokers
aged 40 to 59 were randomized to a normal care group or the intervention group that
received antismoking advice. Atyearone, 51 percentof the intervention group reported
that they were not smoking, and at year three. 36 percent reported the same. In the
normal care group, the corresponding percentages were 10 and 14 percent. A third of
the quitters reported smoking cigars or a pipe. It is important to note that the question-
naire response rate at 3 years was 64 percent in the intervention group and 70 percent
in the normal care group (Rose and Hamilton 1978). The 9-year response rate was 83
percent. At that point, 55 percent of responders in the intervention group reported
quitting, as did 41 percent in the normal care group. Despite the similarity of smoking
prevalence of the two groups, at 10 years CHD mortality decreased by 18 percent in
the intervention group. This difference did not attain statistical significance (95-percent
CI. 43 to +18 percent) (Rose et al. 1982).

Smoking Cessation and CHD Risk Among Persons With Diagnosed CHD

Studies examining smoking cessation and CHD risk among persons with diagnosed
CHD may be less prone to some of the methodologic pitfalls discussed in Chapter 2.
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In many instances. studies are primarily of individuals who were smokers up to the time
of the infarction. Such a major health event can be a powerful motivation to quit
smoking permanently. Moreover. the timing of quitting often coincides with the
infarction and is therefore ascertained quite accurately. Because those with a prior
diagnosis of CHD are at such high risk for another event. the estimates of effect can be
relatively precise, even with a modest number of individuals under study. One
difficulty in interpreting these studies is in the comparison of quitters with never
smokers. Never smokers who suffer Ml tend to have a worse CHD risk factor profile
{apart from smoking) than smokers (Mulcahy 1983). However. most of the other risk
factors are less amenable to change than smoking. After smoking is removed as a risk
factor among former smokers. the effect is often a better prognosis than that for never
smokers. Several of these issues and a review of the literature prior to 1983 are
discussed by Mulcahy (1983). This researcher found that studies were quite consistent
in showing that quitters had about half the risk ot recurrent MI or CHD death compared
with persistent smokers (Mulcahy 1983). Nearly all studies of this issue have indicated
a benefit of cessation (Table 3).

A cohort of 213 patients who survived for 28 days a first attack of coronary
insufficiency or MI was studied for 5 years (Mulcahy et al. 1977). Of these. 190 were
smokers at the time of the event. Of the 89 who stopped. the cumulative 5-year death
rate was 14.6 percent. Of the 42 who reduced cigarette use, the rate was 14.2 percent.
However. among the 59 persistent smokers, 28.8 percent died within 5 years. Nearly
all of the deaths were associated with CHD.

This study was extended by further accrual of patients and followup of 551 men less
than 60 years of age (Daly et al. 1987). Of the 406 current smokers at the time of the
event, 140 had stopped by year two. Those quitters had a 10-percent reduction in risk
of sudden death and a 40-percent reduction in risk of total mortality compared with
those who continued to smoke.

A 1978 report trom the Framingham Study (Sparrow. Dawber. Colton 1978) com-
pared the survival of 56 individuals who quit smoking after a first MI with 139 who
continued to smoke after the diagnosis. Within 2 to 3 years after diagnosis. former
smokers had a signiticantly better survival rate than persistent smokers. The 6-yvear
mortality rate (estimated by life table methods) was 18.8 percent among quitters
compared with 30.4 percent among persistent smokers. When the risk of recurrent M1
was assessed. the authors found that former smokers had a lower risk than persistent
smokers. with a 6-vear reinfurction rate of 15.5 percent in quitters versus 21.5 percent
among smokers. However, with only eight reinfarctions among the quitters, the
differences were not statistically signiticant. The rate of decline in risk could not be
assessed because of the small samples.

Framingham Study investigators (Hubert. Holford. Kannel 1982) conducted a fong-
term followup study of 130 subjects with angina pectoris. They found that smoking
status at the examination ascertaining angina was modestly associated with subsequent
risk of a later. more serious CHD outcome. Apparently. the change in smoking behavior
explained this finding. Of the angina patients who smoked. 14 percent quit between
the onset of disease and the biennial examination when the diagnosis was confirmed.
Another 29 percent quit during the followup period. In this cohort. the heavier smokers
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TABLE 5.—Studies of the effect of smoking cessation on persons with diagnosed CHD

Reference

Population

Followup

Cases among
former smokers

Reduction in risk
compared with
. a
persistent smokers

Comments

Mulcahy et al.
(1977)

Daly et al. (1987)

Sparrow, Dawber,

and Colton (1978)

Hubert, Holford,
Kannell (1982)

Salonen (1980)

[
'~

190 Dublin men aged <60 who
smoked at time of tirst coronary
insutficiency or Ml

373 men aged <60 who smoked at
time of first M1 or unstable angina and
survived 2 yr

Framingham Heart Study: 195 cohort
members who smoked at time of first
MI

Framingham Heart Study:  subjects
with angina

North Karelia, Finland: 523 men
aged <65 who smoked at first M1

Syr

Average 9.4 yr

<téyr

6yr

<26 yr

3yr

13 deaths

NR

10 deaths

NR

26 deaths;
22 CHD deaths

S50%

10% for sudden death;
40% for total mortality

H0%

10-yr followup:
<60 yr V¥4
260 yr 6%

26-yr tollowup:
<60 yr  T0%
260yt 10%

J0% (6010
40% (60 0)

Smokers (N=42) who
reduced crg/day also had a
lower mortality compared
with persistent smokers

No further classification of
smoking: some of same
patients as in Daly 1983

Only 25 cases in baseline
smokers, so estimates are
statistically unstable

Followup began 6 mo after
MI: apparent benetit more
pronounced in first 6 mo of
tollowup (60% )
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TABLE 5.—Continued

Cases among

Reduction in risk
compared with

Reference Population Followup former smokers persistent smokers® Comments
Vonder Lippe and 1330 participants in the 17 mo 31 deaths in those None Study not designed to
Lund-Johansen Norwegian timolol trial who who stopped examine effects of smoking
(1982) smohked at time ot MI smoking before cessation; no details
entering the trial provided on possible
confounding
37 deaths in those 109%
who stopped in the
first months of the
trial
Ronnevik, 1.330 participants in the Norwegian 17 mo 44 recurrent 33% reduction: 8% in quitters,
Gunderson, timolol trial who smoked at time of M1 nonfatal M1 12% in persistent smokers
Abrahamsen (1985)
Shapiro, Howat. 142 Ml survivors aged <45 <10 yr NR 8% (tormer and never Former and never smokers
Singh (1982) smokers vs. persistent considered together, not
smokers) separately
Aberg etal. (1983) 983 Goteborg male smokers <105 yr 104 recurrent 30%:; ditference between 30% quitters had worse

Daly ctal. (1983)

at time ot M1

374 Dublin men, smokers at time of
MI diagnosis or angina

Mean 7.4 yr,

S13yr

nontatal MI; 80
CHD deaths

80 deaths

groups increased with time

60% overall;
40% first 6 yr;
80% T-13 yr

predicted prognosis at
baseline: no further
assessment of smoking
beyond 3 mo after initial M1

Followup began 2 yr after
M1 when smoking status
was assessed



TABLE 5.—Continued

Reduction in risk

Cases among compared with
Reference Population Followup former smokers persistent smokers® Comments
Johansson et al. 156 Gaoteborg women aged <65, Syr 12 deaths 60% (80-20) Quitters had worse baseline
(1985) smokers at time of first M1 prognosis: ditferences
between groups were
apparent carly and increased
with time
Perkins and Dick 119 UK patients who smoked at Syr 9 deaths 60%
(1985) first MI
Vlietstra et al. 11,605 patients in CASS who smoked Syr By risk quartile: Total mortality: Quitters had worse baseline
(1986) at time CHD was diagnosed by prognosis: exclusion of
angiography (best) 1: 13 40% those with mixed smoking
221 $0% behavior and close followup
344 SO0% reduced likelihood of
(worst) 4: 156 20% misclassification of
overall: 234 H0% (50-20) exposure; also,
hospitalization for MI was
substantially reduced in
former smokers
Hermanson et al. 3.045 CASS patients with CHD aged 5.3 yrfor 35-54 yr: NR 40% (S0-30) Reanalysis of a subset of
(1988) 35-54 M1 or death patients analyzed by
Vhetstra (1986)
1.893 CASS patients with CHD aged 55-59 yr: 99 30% (50 2
255 6064 yr: 92 30% (50 1y
65-69 yr: 4% 30% (60-)

>70yr: 29 T70% (RO-30)



TABLE 5.—Continued

Reterence

Population

Cases among

Followup tormer smokers

Reduction inrisk
compared with
persistent smokers”

Comments

Hallstrom., Cobh,
Ray (1986)

Green (1987)

Hedback and Perk
(19K7)

Galan et al. (1988

Phillips ¢t al.
(1988)

Goldberg,
Sszhlo. Chandra
(1K)

30 survivors of out of hospitad arrest,

smohkers at that time

2,199 men who smoked at time of M

157 smokers at time of M1

160 patients re-angiographed afier
angioplasty

530 male British tormer smokers with
non-MI CHD

175 tormer smohers with M1, aged

40-59

325 post-M1 patients

Mean 47.5 mo

2vr NR

13 fatal and
nonfatal CHD

‘n
-

Mecan 7 mo

Meun 7.5 yr

<10 yr

35% for fatal recurrent
cardiae arrest

0% tor CHD

50%

3% decreased tor
restenosis

33% for fatal or nonfatal
CHD

10%

Survival

Quit at MI Not quut

{yr 99%  9RY
Syr 97% 84%
10 yr 95% S1%

Bordertine statistical
significance

Tral of rehabilitation
including smoking cessation

Groups were similar at
baseline

No update of smoking data;
no assessment of severity of

baseling CHD

Independent of multiple nisk
fuctors: no update of
smoking status

NOTE: CHD=coronary heart disease: MIi=nnyocardial infarction: NR=not reported; CASS=Coronary Actery Surgery Study.

950 confidence nteryal show in parentheses when avalable



were more likely to quit than the lighter smokers. Former smokers had a lower rate of
subsequent CHD. There was a suggestion that older persons benetited less: however.
this finding could not be confirmed because only a small fraction of the 25 older smokers
actually quit,

Salonen {1980) monitored a Finnish cohort of men less than 65 years of age whose
smoking behavior was assessed 6 months after ML, Of these. 352 were never smokers,
302 were persistent smokers. and 221 quit smoking within 6 months after M1, Three
years atter M1 quitters had a 40-percent reduction in risk of total mortality (95-percent
Cl. 10-60 percent) and of CHD death (95-percent Cl. 10-60 percent) compared with
persistent smokers. The reduction in risk was more pronounced in earlier periods:
between 6 months and 1 year, mortality was reduced by 60 percent (95-percent Cl.
[0-80 percent). It is possible that the apparent decline in benefit may represent
misclassification because current smokers continued to quit but were stilf analyzed as
current smokers. The benefits of quitting were strongest among those with the best
prognosis after infarction. Of post-MI deaths. 28 percent were estimated to be at-
tributable to continued smoking.

As part of the Norwegian trial of timolol use after ML, mortality ot the 1.884
participants was ascertained over an average of 17 months according to smoking status.
Virtually no differences were observed (Von der Lippe and Lund-Johansen 1982).
Across both the timolol and placebo groups. 8 percent ot the nonsmokers died.
compared with 8 percent of those who stopped smoking before entry into the trial. 7
percent among those who quit in the first month of the trial, and 8 percent among
persistent smokers. However, there was a reduction in reinfarctions, 8 percent among
those who quit in the first month of the trial compared with 12 percent among persistent
smokers (Rennevik. Gundersen. Abrahamsen 1985).

Shapiro. Howat, and Singh (1982) monitored 142 patients who survived a first M1
that occurred when the patient was younger than age 45. Of these patients, 50 who
continued to smoke more than 20 cigarettes per day had substantially higher mortality
rates (58-percent 10-year mortality by life table methods) than did the 61 never and
former smokers (12-percent mortality). The survival curves began to diverge | year
after M1. Unfortunately. data were not presented separately for former smokers. and
apparently there were only a small number of never smokers.

Aberg and colleagues (1983) studied 983 men aged 67 years or less who were listed
in the MI Register of Goteborg between 1968 and 1977. The men were smokers within
3 months of their initial MI. who survived hospitalization. Not all men listed in the
Register were included in the study, but the selection process did not introduce bias.
Quitting was defined as not smoking 3 months after the infarction. Followup began at
that point and continued for 10.5 years. The 542 males who had stopped smoking by
3 months after infarction had a significantly worse prognosis, based on predischarge
characteristics. than did the 441 persistent smokers. Those who quit had substantially
more left ventricular failure and higher peak enzyme levels during hospitalization.
Based on these and other preinfarction and hospitalization variables. those who quit
had a predicted 2-year mortality that was 8 to 9 percent higher than that of persistent
smokers. However, despite this slightly worse baseline prognosis. quitters had a
significantly lower mortality than did persistent smokers. Overall. the 5-year mortality



was significantly reduced among quitters, with a cumulative mortality rate 30 percent
lower. The effect was somewhat stronger among those aged 50 or older than among
younger men, but was significant in both age groups. The cumulative 5-year reduction
in recurrence of M1 was 30 percent. These estimates almost certainly underrepresent
te true effect of cessation for two reasons: quitters at baseline had a distinctly worse
prognosis, and smoking cessation was defined only at the point 3 months after
infarction. It is likely that some of the smokers quit at a later point. this would tend to
dilute the smoking group with ex-smokers who enjoy a lower risk. Thus. the rates of
mortality and reinfarction among truly persistent smokers would be underestimated in
this study. The two groups began to diverge for both endpoints after as little as 1 year
postinfarction, and the differences increased with time. This report confirmed and
extended initial findings from that study (Wilhelmsson et al. 1975).

Several studies have monitored patients with angiographically diagnosed coronary
disease. Kramer and coworkers (1983) studied 278 men with sequential coronary
angiograms. These researchers found that neither cigarette smoking at the initial or
followup examination nor smoking cessation was predictive of progression of
atherosclerosis.

Daly and colleagues (1983) studied 217 men who stopped smoking after a first
diagnosis of unstable angina or MI and 157 persistent smokers. Smoking status was
defined 2 years after the first diagnosis. As in the Aberg study (1983). those who quit
tended to have a more serious diagnosis than the persistent smokers. However, quitters
enjoyed substantial protection compared with persistent smokers. For total mortality,
risk was reduced by 60 percent among those who quit smoking compared with
continuing smokers: for fatal reinfarction, risk was also reduced by 60 percent. During
the first 6 years of followup. the reduction in risk was 40 percent (95-percent C1. 10-60
percent). but in the followup period of 7 to 13 vears. the benefits of quitting were more
marked, with a reduction in risk of 80 percent (95-percent CI. 50-90 percent). The
benefits of quitting were more marked among those with less severe initial disease. In
this study. quitters had a lower cumulative mortality than did never smokers with these
diagnoses. Those never smokers may have had more coronary risk factors other than
smoking which may be less amenable to change than smoking.

In a later study with some of the same patients. Daly and coworkers (1985) found
that 1 year after the initial event. 241 quitters had a J0-percent lower prevalence of
angina compared with 143 persistent smokers. However. by 6 years of followup. the
prevalence of angina was the same in both groups and remained similar throughout the
followup period of 17 years. Green (1985) noted that the prevalence of angina 6 months
after infarction among 851 ex-smokers was equivalent to that among smokers. How-
ever. it is unclear whether the ex-smokers were smoking at the time of the event.

Most studies of the etfect of post-MI cessation have been conducted among men.
Johansson and colleagues (1985) examined 156 women in Goteberg. younger than 65.
who were smokers at the time of their tirst M. The definitions and criteria were the
same as those in the study by Aberg and coworkers (1983). Three months after
infarction. 75 women continued to smoke and 81 had stopped. As in the Goteberg Study
of men (Aberg et al. 1983). women who quit had more severe infarctions. Despite the
worse prognosis normally associated with the higher enzyme elevations and other
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indications of severity. the quitters had a significantly better survival. The reduction
in risk compared with smokers remained at 60 percent (95-percent CL. 20—K0 percent).
and after adjustment for prognostic features before and during the infarction. the
reduction remained at 60 percent. When compared with never smokers. the relative
risk among quitters was 1.1. The reinfarction rate was slightly. though not significantly.
higher among persistent smokers.

Similar findings for a rapid benefit were observed in the small study of Perkins and
Dick (1985). For 5 years. these researchers monitored 52 patients (including 11
women) who stopped smoking at the time ot the infarction and 67 persistent smokers
(of whom I8 were women). Men who quit had a 50-percent reduced risk of death: for
women 1t was 60 percent lower.

As part of the Coronary Artery Surgery Study. the effect of smoking cessation on risk
of clinical CHD outcomes was assessed in men with documented coronary
atherosclerosis by angiography (Vlietstra et al. 1986). The death rates among [.490
quitters were compared with those of 2.675 persistent smokers and 2912 never
smokers. Men who were quitters at baseline but who subsequently resumed smoking
and those who were smokers mitially but later stopped were excluded from the analysis.
Hence. this study was largely free of misclassification. As in most ot the other studies.
the quitters had slightly worse prognoses than did the persistent smokers. Atevery level
of risk. however, quitters had a significantly better S-year survival. Overall. the
reduction in risk (from Cox regression) was 40 percent (95-percent C1, 20-50 percent).
The benefit was slightly more pronounced among those with the worst baseline
prognosis. Overall, the 5-year survival rate among quitters was similar to that of never
smokers (85 vs. 87 percent. respectively). Nearly all the benefit was attributable to a
decreased rate of CHD death. After adjustment for prognostic score. the rate of
hospitalization for MI was substantially higher among persistent smokers than among
quitters (11.3 vs. 7.1 percent, respectively). For both fatal and nonfatal endpoints. the
rates began to diverge substantially after about 1 year (Figure 6). Because of the careful
study design and the unusually large number of cases, the results of this study must be
accorded considerable weight.

In an extension of the analysis of survival data from the Coronary Artery Surgery
Study, the effects of smoking cessation were examined in a population of individuals
aged 55 and older with angiographically documented coronary disease (Hermanson et
al. 1988). As in the previous report, persistent smokers were defined as those 1.086
smokers who did not quit throughout the 6-year followup period. and quitters were those
807 who stopped smoking | year before the baseline angiogram and who did not resume
smoking during followup. The experience of 3,045 younger subjects aged 35 to 54
years was also examined. At every age, quitters had better survival rates than did
persistent smokers, and there was no evidence that the benefit was attenuated with
increasing age.

Employing a different approach, Hallstrom, Cobb, and Ray (1986) studied a cohort
of 310 men who smoked and were discharged from the hospital after an episode of
out-of-hospital cardiac arrest. After the arrest, 219 men continued to smoke and 91
men quit. During the average 47.5 months of followup, 67 persistent smokers and 18
former smokers died of a recurrent cardiac arrest. After adjustment across baseline risk
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FIGURE 6.—Effect of smoking cessation on survival among men with
documented coronary atherosclerosis; pooled survival among
quitters (D) (N=1,490) and continuers (A) (N=2,675)

SOURCE: Vlietstra et al. (1986).

strata, this difference was of borderline significance in a life table analysis (p=0.076).
After exclusion of crossovers (14 smokers quit 26 months after the arrest, and 2 quitters
resumed smoking). the benefit of cessation was stightly more pronounced (p=0.048).

Analysis of data from a trial of pructolol also provided information on the effects ot
smoking cessation after MI (Green 1987). There were 855 never smokers. 1.344
persistent smokers. and 851 individuals who quit smoking after the entry MI. Those
who stopped smoking had a worse outcome initially than persistent smokers. and the
benefit from cessation did not appear until 2 years after the event. When events in the
first 6 weeks after the index MI were excluded, the benefits of cessation appeared at
about 18 months. By 24 months, those who stopped had a 30-percent CHD risk
reduction. As in other studies, former smokers when compared with continuing
smokers tended to have more severe MI. with significantly more pulmonary congestion
noted when x-rayed and significantly greater occurrence of faster dysrhythmia. This
supports the view that those with a worse MI are more likely to quit, and it explains
why quitters in the study had a worse initial outcome.

In a trial of rehabilitation after M1. 147 patients in a Swedish hospital were routinely
invited to participate in a rehabilitation program: 158 patients in a comparable hospital
were not (Hedback and Perk 1987). The cardiovascular experience in the intervention
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group was favorable, and when the specific effect of smoking cessation was examined
among the 82 patients from both groups who quit after MI. approximately 15.9 percent
died in the subsequent 5 years compared with 30.6 percent among the persistent smokers
and 11.8 percent among the never smokers.

The influence of smoking cessation on frequency of restenosis after coronary angio-
plasty was assessed by comparing 84 persistent smokers with 76 individuals who
stopped at the time of angioplasty (Galan et al. 198K). Patients were reexamined
angiographically after an average of 7 months. Restenosis was significantly higher in
persistent smokers (55 vs. 38 percent. p=0.03). Several other studies (Fleck et al. 1988:
Vandormael et al. 1987) failed to find an association between smoking at angioplasty
and subsequent restenosis, but those studies did not consider the impact of cessation at
the time of angioplasty. Although the mechanisms of restenosis are not clear. the
findings of Galan and coworkers (1988) are consistent with a fairly rapidly acting
process for decreased risk after cessation.

As part of the British Regional Heart Study described above. investigators also
montitored 1.515 men with evidence of CHD but without M1 and 428 men with evidence
of prior MI at entry (Phillips et al. 1988). Smoking behavior was assessed at baseline.
and the men, aged 40 1o 59, were studied for an average of 7.5 years. There was no
update of the smoking information. After adjustment for age and other risk factors, for
those with non-MI CHD at baseline, the relative risk comparing former with never
smokers was 1.4: for current smokers, it was 2.1. For those with a history of MI. the
relative risk for former smokers was 1.7; and for current smokers. it was 1.9. The degree
of misclassification that may have occurred during the followup period is difficult to
assess. No tnformation is available on the duration of abstinence or the degree of
severity of CHD as distributed by smoking status.

In a community-based followup of 325 post-MI patients in Baltimore. MD. Goldberg.
Szklo, and Chandra (1981) found that after control for several clinical and
sociodemographic factors, survival among those who quit at the time of MI was
substantially improved. The 1-, 5-, and 10-year survival rates among those who quit
were 99. 97, and 95 percent, respectively; in contrast, the rates among persistent
smokers were 98. 84, and 51 percent, respectively. Despite the lack of updates on
smoking behavior. there was a trend for diverging survival between the two groups.

Summary of Smoking Cessation and CHD Risk

Within the past 40 years, large amounts of data regarding the effect of smoking
cessation on CHD risk have been accumulated from numerous studies. However
diverse in design and location, these studies consistently find that the risk of CHD is
reduced among former smokers compared with those who continued to smoke. The
data are compatible with a rapid, partial decline in risk, followed by a more gradual
decline reaching levels of never smokers after a prolonged period. The initial decline
appears to occur within 1 year of cessation or perhaps even less and constitutes a
reduction of about one-half or more of the excess risk associated with current smoking.
The remaining decline in excess risk is more gradual, with the risks reaching those of
never smokers only after a number of years of smoking abstinence. This pattern of
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decline in excess risk is compatible with multiple effects of smoking on the process of
developing CHD. including both short-term influences on platelets and other factors
relating to thrombosis which may be more rapidly reversible and long-term increases
in atherosclerosis which are only slowly reversible.

Persistent smokers may differ from those who quit in other ways that could atfect the
risk of developing CHD. A number of investigators have examined whether such
differences would account for some or all of the decline in risk among those who stop
smoking. The risk profiles of quitters and persistent smokers vary among studies: In
some studies, there are no material differences: however, in other studies. quitters have
a healthier profile: the opposite is true for still other studies. In the studies of primary
prevention. none of these differences could explain even a minor portion of the
decreased risk among quitters. Most studies of cessation after an MI have found that
quitters had a higher baseline risk: however. their risk decreased compared with
persistent smokers. Thus. both in primary and secondary prevention studies. confound-
ing effects of other risk factors do not explain the apparent benefits of cessation. To
the contrary. in many studies, the decrease in risk is even more pronounced after
adjustment for baseline characteristics.

Only a few studies have examined the impact of smoking cessation in relation to
various other CHD risk factors. No data are available to suggest that the relative risks
differ substantially in the presence or absence of other CHD risk factors; that is, the
percentage reduction in risk most likely occurs across risk factor categories. However.
because individuals at high risk for other reasons such as tamily history. hypertension.
or elevated cholesterol have higher rates of CHD. a given percentage decrease in risk
among these individuals is a greater absolute decrease than among those with a lower
risk profile. Hence. it1s of especially great importance to achieve high rates of cessation
among individuals who are otherwise at high risk for CHD.

Most data on the etfects of smoking cessation are derived from white males. but
sufficient information is available about women to indicate that the findings are similar
for both sexes. Less is known about the effects of cessation among minority groups:
however, there is no reason to believe that the benefits of cessation would be any
different for these groups.

Several studies have examined the effect of smoking cessation after age 60 on
subsequent CHD risk. Data are now available that demonstrate that the benefits of
cessation extend to older adults as well as to young and middle-aged adults for both
primary (Table 3) and secondary prevention (Hermanson et al. 1988). Although the
relative risks of CHD umong current smokers tend to be lower among older persons
than among younger persons. smoking cessation among older persons can have a greater
absolute effect because their rates of CHD are so much higher.

Considerable data address the effects of smoking cessation among individuals with
diagnosed CHD. A reduction in risk of further CHD-related morbidity and mortality
that accompanies smoking cessation has been conclusively demonstrated. Cigarette
smoking is considered the leading modifiable CHD risk factor: overwhelming evidence
demonstrates that cessation reduces that risk substantially.

240



SMOKING CESSATION AND AORTIC ANEURYSM

Abdominal aortic aneurysm refers to the dilatation or expansion of the aorta because
of degenerative or intflammatory destruction of the components of the arterial wall.
Most abdominal aortic aneurysms are a result of atherosclerosis. although other
conditions cause abdominal aortic aneurysms. The preponderance of evidence from
autopsy studies reviewed in the 1983 Report of the Surgeon General suggests that
cigarette smoking aggravates or accelerates aortic atherosclerosis (US DHHS 1983).
In addition, epidemiologic studies published up to that time indicated that smokers had
elevated death rates from ruptured abdominal aneurysm compared with nonsmokers
(Hammond and Garfinkel 1969: Hammond and Horn 1958a.b: Kahn 1966: Weir and
Dunn 1970). Mechanisms whereby smoking causes atherosclerosis are reviewed in this
Chapter.

Studies of Smoking Cessation and Risk of Aortic Aneurysm

Several of the larger prospective cohort studies reviewed above have reported results
for mortality by cause of death. The data on mortality among former smokers from
abdominal aortic aneurysms reported in five prospective cohort studies are summarized
in Table 6. A consistent pattern is seen among men in these studies, with an excess risk
of mortality approximately 50 percent lower among former smokers than among current
smokers. However, excess risk among former smokers has remained about two to three
times higher than that among never smokers. A similar pattern was also present for
women in ACS CPS-1I.  Although data for women are limited. Doll and associates
(1980) reported 11 deaths due to aortic aneurysm occurring during 22 years of followup
among 6.194 women. Overall. these data indicate that former smokers have a reduced
risk of death from aortic aneurysm compared with current smokers. More detailed
analyses by duration of smoking abstinence have not been presented.

SMOKING CESSATION AND PERIPHERAL ARTERIAL OCCLUSIVE
DISEASE

The peripheral arteries include those branches of the aorta that supply the upper and
lower extremities and the abdominal viscera. Most peripheral arterial occlusive disease
results from atherosclerosis, although other conditions may cause obstruction of these
arteries. Symptomatic atherosclerosis of peripheral arteries occurs most often in the
vessels of the lower extremities. The 1983 Report of the Surgeon General reviewed
risk factors and epidemiologic data relating to the etiology of peripheral artery disease
(US DHHS 1983). In that Report. an extremely strong association between cigarette
smoking and diagnosis of peripheral artery disease was observed (US DHHS 1983).
Cigarette smoking was the strongest risk factor for peripheral artery disease in the
Framingham Study (Kannel, McGee. Gordon 1976). In this Section. the impact of
smoking cessation on risk of developing peripheral artery disease is reviewed. In
addition, the influence of cessation on treadmill time, rest pain, progression to amputa-
tion. and survival among patients with diagnosed peripheral artery disease is discussed.
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TABLE 6.—Studies of smoking cessation and risk of death due to aortic aneurysm

Standardized mortality ratios compared with never smokers

Cuses among

Reference Population Followup former smokers Former smokers Current smokers
Daoll and Peto (1976) British physicians: 34440 men 20yr 30 32 5.2
Doll et al. (19801 British physicians: 6,194 women 22 yr NR 3.0 I-13cig/day: 1.3
15-24 cigfday: 1.3

Rogot and Murray US veterans: 293,958 mien 1S yr 253 2,58 5.23
(1980)
Carstensen., 25,1209 Swedish men 16 yr 12 1.4 1-7 g/fday: 1.7
Pershagen, Eklund K-15 g/day: 2.7
(1987) >18 g/day: 3.0
US DHHS (1989) ACS CPS-T25-State Study) 6yr NR Women 367! 4.64

Men 230 +.11

NOTE: NR=not reported: ACS CPS = American Cancer Prevention Study |

)
Indicates current and former smokers



Smoking Cessation and Development of Peripheral Artery Disease

Two studies provide sufficient detail to calculate the risk of peripheral vascular
disease among former smokers compared with current smokers. Jacobsen and
coworkers (1984) compared a consecutive series of 53 patients with intermittent
claudication with age-matched controls free from symptoms of claudication. Al
patients with claudication were either current or former smokers. Among former
smokers. the risk of developing peripheral arterial disease was 50 percent lower than
that of current smokers.

Hughson. Mann, and Garrod (1978) reported risk factors for intermittent claudication
among 54 patients and 108 controls. Smoking was the risk factor most strongly
associated with the development of intermittent claudication. Former smokers had an
estimated 58-percent lower risk than that of current smokers.

Smoking Cessation and Prognosis of Peripheral Artery Disease

In a study of 91 men with mild intermittent claudication monitored for at least 6
months, patients who stopped or decreased smoking had slightly less progression of
symptoms during 2.5 years of followup. but this finding was not statistically significant
(Cronenwettetal. 1984). Changes in treadmill exercise tolerance were assessed among
41 patients suffering from intermittent claudication who continued to smoke during the
followup period and among 16 patients who stopped smoking after the first test and
remained nonsmokers until the end of study (Quick and Cotton 1982). The maximum
treadmill walking distance did not change significantly among continuing smokers (23
meter improvement, p=0.17). However, among those who stopped smoking. the
improvement in maximum treadmill distance was statistically significant (86.2 meters,
p=0.02). The two groups were not compared directly.

During a 6-year period, the risk of developing pain at rest was studied in 224
consecutive nondiabetic patients with intermittent claudication (Jonason and Ringgvist
1985). The cardiovascular risk profiles were almost identical for 30 never smokers and
34 patients who stopped smoking within 1 year after initial examination. These two
groups were combined and compared with 160 patients who continued to smoke. The
cumulative percentage of patients with pain at rest after 6 years was 8 percent among
those who had stopped smoking within 1 year after the initial examination or who were
never smokers; among smokers and those who stopped smoking more than 1 year after
the initial examination, 2| percent developed pain at rest (p<0.03 after adjustments for
difference in presence of multiple stenoses at baseline). These data are difficult to
interpret because never and former smokers were combined, but suggest that the rate
of development of rest pain is decreased among former and never smokers compared
with those who continue to smoke.

In a followup study of 60 patients who underwent operation for intermittent claudica-
tion, those who stopped or reduced smoking after referral had a much improved
prognosis (Hughson et al. 1978). At baseline, clinical characteristics or the number of
cigarettes smoked did not differ between those patients who decreased or stopped
smoking and those who continued to smoke during the followup period. The interval
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between initial and repeat operations was significantly shorter in those who continued
to smoke (Mann-Whitney test. p<0.05). Those who stopped or reduced smoking
attained a significant improvement in overall survival by 12 months. A second series
of 160 patients was studied for 8 years after their first hospital admission. Those who
were smoking at the time of referral had a significantly poorer survival pattern than
those who had stopped smoking or had reduced smoking. Similar results were observed
by Jonason and Bergstrom (1987) who studied 343 consecutive patients with intermit-
tent claudication and by Faulkner. House. and Castleden (1983) who studied 133
patients.

A retrospective record review was undertaken at Mayo Clinic to identify nondiabetic
patients with a clinical diagnosis of arteriosclerosis obliterans. and Juergens. Barker.
and Hines (1960) reported the survival and amputation rates among these patients. Of
159 patients who smoked at the time of diagnosis and who survived 5 years. 88
continued to smoke and 71 abstained from smoking after diagnosis. Of the total number
of patients who continued to smoke, 11.4 percent required an amputation ‘within the
S-year period. In contrast. none of the abstainers required amputation during this
period.

In arecent retrospective S-year followup study. Ameli und colleagues (1989) reported
the rates of amputation and patency of 136 arterial reconstructions performed for lower
limb ischemia. Of 121 patients. 103 smoked betore the operation. and of the smokers
43 postoperatively discontinued smoking. The 34 patients who continued to smoke
more than 15 cigarettes per day had u tivefold increase in risk for amputation at 2 years
and a threefold increase in risk for amputation at 5 vears compared with the 87
nonsmokers (including never and former smokers) and smokers ot 15 cigarettes or less
per day (p=0.013). Five vears after surgery, 28 percent of patients smoking more than
15 cigarettes per day had undergone amputation compared with 11 percent of the
patients who were nonsmokers or smoked |5 cigarettes or less per day.

The effect of smoking on the patency of temoropopliteal vein bypass grafts used for
treating peripheral arterial occlusion was studied among 157 patients monitored for |
year (Wiseman et al. 1989). Patients who continued to smoke. identified by elevated
serum SCN_had a graft patency of 63 percent after | vear compared with 84 percent
among nonsmokers (p<0.02). However. the analysis did not separate never smokers
trom those who stopped smoking near or at the time of surgery (p<0.02). Only serum
fibrinogen levels were a stronger predictor of graft failure than serum SCN”.

Summary

Overall. these studies show a lower risk of peripheral artery disease among former
smokers compared with current smokers and a consistent reduction in complications of
peripheral vascular disease among patients who stop smoking. Those who quit have
improved performance and improved overall survival.
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SMOKING CESSATION AND CEREBROVASCULAR DISEASE

Stroke is the third leading cause ot death in the United States. Ttis also a major cause
of morbidity. with approximately 400.000 Americans suffering strokes each year
(Graves 1989). The two major types of stroke are ischemic strokes due 1o occlusion of
a vessel by an embolus or thrombus and hemorrhagic strokes resulting from subarach-
noid or parenchymal hemorrhage. The terms cerebrovascular accident and stroke are
nonspecific and usually refer to clinical syndromes resulting from cerebral infarction
or hemorrhage. A thrombotic or embolic stroke may be caused by atherosclerotic
disease of the extra- or intracranial blood vessels. Embolization trom the heart or
extracranial arteries 1s also an important cause of stroke. In the Framingham Study.
atherothrombotic brain infarction (referred to in this Chapter as ischemic stroke)
accounted for 52.9 percent of strokes (Wolf et al. 1988). Improved diagnostic methods
have provided a better categorization of the causes of stroke.

The 1964 Report of the Surgeon General (US PHS 1964) noted a moderate increase
in the mortality rate from cerebrovascular disease in cigarette smokers compared with
nonsmokers in the original ACS 9-State Study (Hammond and Horn 1958a.by and the
U.S. Veterans Study (Dorn 1959).  In the 1971 Report. six major prospective
epidemiologic studies were reviewed (US DHEW 1971). Cigarette smokers in these
studies experienced increased stroke mortality compared with nonsmokers. The 1980
Report noted that women who smoke have an increased risk of subarachnoid hem-
orrhage (US DHHS 1980). The 1983 Report reviewed the data associating cigarette
smoking with stroke and found an increased risk of stroke among smokers that was
most evident among younger age groups (US DHHS 1983). Tt ulso noted that temale
cigarette smokers have an increased risk of subarachnoid hemorrhage und that the
concurrent use of cigarettes and oral contraceptives greatly increased this risk.

The 1989 Report of the Surgeon General reviewed four additional large cohort studies
that addressed the relation between cigarette smoking and risk of stroke and concluded
that cigarette smoking is a cause of stroke (US DHHS 1989).

In a recent meta-analysis, Shinton and Beevers (1989) summarized the relation
between cigaretic smoking and stroke using 32 separate case—control and cohort
studies. The overall relative risk of stroke associated with cigarette smoking was 1.5
(95-percent CI. 1.4—1.6). Relatve risks differed considerably for the subsets of stroke:
cerebral infarction 1.9, cerebral hemorrhage 0.7. and subarachnoid hemorrhage
2.9. Relative risks decreased with increasing age: for persons less than 55 years of age.
the relative risk was 2.9: for those aged 55 to 74 years, the relative risk was 1.8 and for
those 75 years and older, the relative risk was 1.1. A dose-response relation was
observed between the number of cigarettes smoked and risk of stroke. and women had
a slightly greater relative risk than men (RR=1.72 vs. 1.43).

Based on the data from ACS CPS-II, the 1989 Report of the Surgeon General
estimated that 51 percent of cerebrovascular disease deaths among men aged less than
65 years were attributable to cigarette smoking. and among women of the same age. 55
percent of cerebrovascular disease deaths were attributable to smoking (US DHHS
1989). For persons 65 years of age or older, 24 percent of cerebrovascular disease
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among men was atiributable to smoking: among women. 6 percent was estimated to be
attributable to smoking.

Studies of Smoking Cessation and Risk of Cerebrovascular Disease

In this Section. data from cross-sectional. case—control. prospective cohort. and
intervention studies are reviewed. As discussed in Chapter 2. misclassification of
former smokers because of recidivism during the tfollowup perad is a general concern
in prospective studies. However, case—control studies of stroke are limited by the
relatively high fawality rate for incident cerebrovascular events, particularly for sub-
arachnoid hemorrhage. This often excludes many incident cases or forces the use of
proxy information from next of kin or other relatives. In all epidemiologic studies of
past smoking and risk of stroke, careful classification of stroke by pathophysiologic
type is important. Details of the relation between past smoking and risk of stroke are
presented in Tables 7 and 8 for each type of stroke reported by investigators.

Cross-Sectional Studies

In a cross-sectinal analysis of 1.692 black and white men and women admitted for
diagnostic evaluation of the carotid arteries. Tell and coworkers (1989) reported a
significant relation between cigarette smoking an the thickness of carotid artery plague
assessed using B-mode ultrasonography. Based on self-report. patients were charac-
terized as either nonsmokers (never smoked or quit more than 10 years earlier). former
smokers (quit between 10 years and 1 month carlier). or current smokers. Atter
adjusting for a patient’s age. race. sex. and history of diabetes mellitus and hypertension,
the mean plaque scores differed signiticantly among the three smoking groups. The
mean difference in plague thickness compared with that which could be expected was
—0.31 mm for nonsmokers. (.04 mm for former smokers. and 0.32 mm for current
smokers. The absolute difference in mean plagque scores between nonsmokers and
current smokers was 0.63 mm (95-percent CL. 0.45-0.8] mm). between nonsmokers
and former smokers. .33 mm (95-percent CLOL17-0.54 mm). and between former and
current smokers, 0.27 mm (95-percent CL 0.08-0.47 mm). These data suggest aslower
rate of progression ot atherosclerosis among persans who have quit smoking compared
with those who continue 1o smoke.

In a cross-sectional study of ¢erebral blood flow levels in 268 neurologicully normal
volunteers. Rogers and coworkers (1985) observed that subjects who quit smoking had
significantly higher cerebral pertusion levels than subjects who continued to smoke.

Case—Control Studies

Case—control studies addressing the relation between smoking and risk of stroke are
summarized in Table 7. In many other published case—control studies. tformer smokers
have not been specifically identified as a distinet exposure group. In those studies that
identify former smokers. the number of cases has been very small or unspecitied except
tfor the study by Donnan and colleagues (1989). In several studies (Bell and Ambrose
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TABLE 7.—Case—control studies of smoking cessation and risk of stroke

Source and

Strokes among

L . 4
Relative risk as compared with never smokers

Former

Current

Reterence case—control numbers Qutcome former smokers smokers smokers
Bonita et al. (1986) New Zealand: 132 cases: Stroke., excluding NR 1.3(0.8-2.0) 24
1.586 community controls subarachnoid hemorrhage
Bonita (1986) New Zealand: 115 cases: Subarachnoid hemorrhage NR 1.0(0.5-1.9) kR
1.586 community controls
Bell and Ambrose Scotland: 236 cases: general 73.3% ot consecutive Men
(1982 population control: (sample series with smoking data 10 Hemorrhage 0.19 0.16
from survey by Tobacco recorded 4 Infarction 0.14 (.88
Research Councily | Hemorrhagic
infarction 0.63 114
Women
3 Hemorrhage 0.58 0.76
t Infarction (.33 1.99
0 Hemorrhagic
intarction NR 3.00
Taha. Ball, England: 178 cases, compared Survived subarachnoid 7 Men 20" T
[ingworth (1982) to UK population hemorrhage 12 Women 1.5 2.6
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TABLE 7.—Continued

Relative risk as compared with never smokers”

Source and Strokes among Former Current
Reference case control numbers Qutcome former smokers smokers smokers
Bell and Symon England: 106 men. 1,628 Subarachnoid hemorrhage NR Men 1.92 389
(1979) women: general UK Women 2.52 n
population 1965
Collaborative Group US: 430 cases (1544 yry Thrombosis 21 1.14 118
tor the Study ot 429 hospital controls: Hemorrhage 26 1.76 327
Stroke in Young 45 neighborhood controls
Women (1975)
Donnan etal. (1989) 422 consecutive cases: 422 Cerebral ischemia 145 20(01.3-3.1) 37
community controls Quit <2yr 19
2-Syr 3.1
5-10yr 2.1
>10yr 1.7

NOTE: NR=not reported

OS¢ contidence interyal shown in parentheses when available,

b N
Relative risk cadeulated trom data presented in original paper.



1982: Taha. Ball. Illingworth 1982: Bell and Svmon 1979), population smoking rates
rather than a true concurrent control group were used for comparison purposes. Despite
these limitations, the risk of stroke among former smokers has been consistently lower
than that among current smokers. Data for subarachnoid hemorrhage (Bell and Symon
1979; Taha. Ball. lllingworth 1982) show a persistent elevation in risk among former
smokers compared with never smokers: however, this risk is lower than among current
smokers.

Prospective Cohort Studies

To date. a total of 14 prospective cohort studies have reported sutficient detail to
categorize former smokers as a specific subgroup monitored for incidence of stroke.
These studies have obtained information on smoking status at baseline through inter-
view or self-administered questionnaire and have observed populations for 2 years
(Nomuraetal. 1974) to 26 years (Wolf et al. 1988). Other cohort studies have reported
the relation between cigarette smoking and stroke but have not included sutficient
details to categorize ex-smokers as a unique exposure group.

In each of the studies included in Table 7. the risks among former smokers and among
current smokers are reported compared with the risk among never smokers. The earlier
prospective studies tended not to show a positive relation between smoking and stroke,
and in several studies, the risk among past smokers was higher than that among current
smokers. In a multivariate analysis of data from the Whitehall Civil Servants Study
(18,403 male British civil servants), the relative risk of stroke was 2.2 among current
smokers of 15 cigarettes per day compared with never smokers. whereas the relative
risk among former smokers was 1.5 (Fulleret al. 1983). Among British women. current
smokers experienced a 3.0 relative risk of subarachnoid hemorrhage. and former
smokers experienced a 2.3 relative risk (Vessey. Lawless, Yeates 1984). Lower
elevations in risk were found among individuals experiencing ischemic strokes.

No excess risk of stroke was observed among 2.748 current or former smokers.
residents of Cook County, IL (Ostfeld etal. 1974), orin 47.423 residents of Washington
County, MD (Nomura et al. 1974). Doll and Peto (1976) studied 34,440 male British
physicians for 20 years and updated information on cigarette smoking after 6 and 15
years. These researchers used similar methods for studying female British physicians
among whom smoking status was updated after 10 years (Doll et al. 1980). Only shight
elevations in risks of stroke were seen among male current or former smokers, and no
excess risk was found among female current smokers. Similarly, Okada and colleagues
(1976} found no significant elevation in risk of stroke among current or former smokers
in a Japanese population.

In 14 cohort studies published after 1980, the relative risks among former smokers
were lower than those reported for current smokers (Table 7). Rogot and Murray (1980)
observed U.S. veterans and defined the population of former smokers as those who had
stopped smoking for reasons other than a doctor’s orders. These former smokers had
a relative risk of 1.02; current smokers had a relative risk of 1.32.

In a study of 7.895 Hawaiian men of Japanese ancestry (Abbott et al. 1986). 658
smokers who quit in the first 6 years of followup were monitored for another 6 years:
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their age-adjusted relative risk for total stroke was 1.5 compared with never smokers
(95-percent CIL. 1.0-2.3). Risks were similar for ischemic and hemorrhagic strokes.
Concurrently. current smokers had a relative risk of 3.5 compared with never smokers,
Former smokers had a significant reduction in risk of total stroke compared with current
smokers (p<0.05). This analysis suggests that after adjusting for other risk factors,
former smokers may be atincreased risk of stroke. This residual risk may be due to the
irreversibility or slow reversibility of the underlying mechanisms of smoking-
attributable stroke. or the resumption of smoking among tormer smokers.

Welin and colleagues (1987) followed 789 men born in 1913 for 18.5 years. Smoking
information was updated during a followup examination after 6 years. Investigators
then identified a subgroup of former smokers who were monitored for 12 years. Among
these former smokers. the relative risk of stroke was .18 compared with 1.67 for current
smokers.

Wolt and coworkers (1988) studied 4.255 men and women in the Framingham Study
and updated cigarette smoking information at 2-year intervals. Among current
smokers, the relative risks of overall stroke were 1.42 for men and 1.61 for women.
During the 26 years of followup. 50 percent of the normotensive smokers quit smoking
compared with 44 percent of the hypertensive smokers (p<0.05). Former smokers had
a significantly lower rnisk compared with current smokers. This relation was observed
among men and women in each of the blood pressure categories. Benefits of smoking
cessation were observed in the hypertensive and normotensive subjects.

In the Nurses Health Study. current smoking was strongly associated with risk of both
subarachnoid hemorrhage and thromboembolic stroke (RR=10.3 and 3.1, respectively.
for 25 cigarettes or more per day) (Colditz et al. 1988). The relative risks for former
smokers were substantially lower.

As described in the 1989 Report of the Surgeon General. the relative risks of stroke
for smokers showed an increase when CPS-11 data from 1982 to 1986 were compared
with CPS-I data from 1959 to 1965 (US DHHS 1989). These studies. using the same
design and methods. showed an increase in the relative risk of death from stroke among
current smokers for men aged 35 1o 64 vears from 1.79 in 1959-65 to 3.67 in [982-86.
For women of the same age. the relative risk increased from 1.92 10 4.80. The number
of former smokers among women in CPS-I'was too small to report these data separately.
However. tor males. the relative risk of stroke among former smokers has shown hittle
increase and remained only slightly higher thun among never smokers.

The reasons are unclear for the stronger assoctations between cigarette smoking and
risk of stroke noted in more recent studies. However. this tendency for higher relative
risks in the more recent studies has been documented tor a wide variety of smoking-
related diseases (US DHHS 1989y, One hikely explanation is that the eftect of smoking
is related to duration of smoking. and the cohorts of persons (especially women) who
started smoking before age 200 are only now reaching middle and late adulthood
(Garfinkel and Stellman 1988). Control of hypertension has improved in the United
States during the last decade. and the incidence of stroke has declined. Thus. smoking
may now play a relatively greater role in the etiology of this disease than it did in carher
periods when uncontrolled hypertension was more common.



Summary of Observational Studies

In a meta-analysis of cohort and case—control studies of cigarette smoking and stroke
{Shinton and Beevers 1989), the overall relative risk of stroke among former smokers
was 1.17 compared with never smokers (95-percent CI, 1.05-1.30). This estimate is
based on a summary of 18 relative risks from 13 studies that separately identified former
smokers (Kahn 1966: Doll and Peto 1976; Abbottetal. 1986: Colditz et al. 1988: Ostfeld
et al. 1974; Kono et al. 1985; Khaw et al. 1984; Vessey, Lawless, Yeates 1984; Bell
and Symon 1979; Bell and Ambrose 1982; Bonita et al. 1986; Bonita 1986: Taha, Ball.
Itlingworth 1982). As observed for the relation between current smoking and stroke.
the risk among former smokers was greater when the analysis was repeated using only
those studies with stroke occurring before age 75 (RR=1.47. 95-percent CI. 1.15-1.88
compared with never smokers). By comparison, the relative risks for current smokers
were 2.9 for those younger than 55 years and 1.8 for persons aged 55 to 74 years. Thus,
although a modest elevation in risk persisted among younger former smokers, this
relative risk was substantially less than that which was observed among current
smokers.

Intervention Studies

Intervention trials described above provide little direct evidence relating to change
in risk of stroke after smoking cessation. Only the trial of smoking cessation conducted
among 1,445 British men used a single intervention (Rose et al. 1982). During 10 years
of followup, five men in the normal care group died because of stroke, and seven men
in the intervention group died because of stroke. The small numbers in each group and
the small difference in smoking cessation rates between the intervention and control
groups limit any conclusion regarding the impact of smoking cessation in this popula-
tion.

Other intervention studies have included management of hypertension and
cholesterol as well as smoking cessation programs. As discussed under randomized
trials of smoking cessation and CHD, these multiple interventions make drawing
conclusions difficult regarding the relation between smoking cessation and risk of
stroke (Steinbach et al. 1984; Wilhelmsen et al. 1986; MRFIT Research Group 1982,
1986; Salonen, Puska, Mustaniemi 1979; Hjermann 1980; Holme 1982).

In a nonrandomized intervention, Rogers and colleagues (1985) measured changes
in cerebral artery blood flow among volunteers who were encouraged to abstain from
cigarettes. Cerebral perfusion was improved after smoking abstinence.

Influence of Prior Levels of Smoking

Using data from the followup of 248,046 U.S. veterans monitored for 15 years, Rogot
and Murray (1980) reported the mortality ratio for stroke among former cigarette
smokers who stopped smoking for reasons other than a physician’s orders according to
the level of prior cigarette smoking. Based on 1,279 strokes among past smokers, the
mortality ratio for stroke among former smokers relative to never smokers increased



with higher previous daily cigarette consumption from 0.94 for those smoking less than
10 cigarettes per day to 1.34 for those smoking 40 cigarettes or more per day compared
with never smokers (Figure 7). Data from ACS CPS-II also address this relationship
(Table 8). Within each level of previous smoking, the risk of stroke was clearly lower
tor former smokers than for continuing smokers, except among men who smoked 21
cigarettes or more per day. Other studies have had too few former smokers to classify
them according to previous number of cigarettes smoked.

STROKE (330-334)

<10 cig/day 10-20 cig/day  21-39 cig/day >40 cig/day

Ex-Smokers M Current Smokers

FIGURE 7.—Mortality ratios for stroke for current smokers and ex-smokers
compared with never smokers, by daily cigarette consumption,
US Veterans Study, 1954-69

SOURCE: Adapted tfrom Rogot and Murray (1980,

Effect of Duration of Abstinence

The relation between duration of abstinence and risk of stroke has been addressed in
only a few studies. In a case—control study that included 145 former smokers who
sutfered stroke, Donnan and coworkers (1989) observed that the relative risk of stroke
declined monotonically over the 10 years tollowing quitting: at the end of 10 years. a
significant excess risk of stroke was still evident.

Using S-year intervals. Rogot and Murray (1980) reported the mortality ratios for
those who had abstained. Assuming that an individual classified as a former smoker at
the beginning of the study would remain a former smoker throughout the 15 years of
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TABLE 8.—Prospective cohort studies of smoking cessation and risk of stroke

Relative risk compared with never smokers”

Cases among Former Current
Reterence Population Followup former smokers Outcome smokers smokers
Ostfeld et al. (1974) 2,748 Cook County, 1L 3yr 23 All strokes omb F-9cig/day: 1.29
residents receiving old age 10 19 cig/day: 0.8S
assistance aged 65-74 220 cig/day: 0.81
Nomura et al. (1974) 47.423 Washington County, 2 yr morbidity 27 (men) Thrombosis 103" 0.79
MD residents Hemorrhage 0.79 .86
Unditterentiated 1.00 1.30
Total 0.97 0.90
X (women) Thrombosis 1.08 114
Hemorrhage 2.00 0.91
Unditferentiated 114 .36
Total 1.26 .92
Doll and Peto (1976) British physicians: 34,440 20yr NR Cerebral thrombosis 1.22 1.24
men mortality
Okada et al. (1976) 4186 Japanese 6 yr NR Cerebrovascular Relative risk of cerebral hemorrhage
attacks in nonsmokers was lower than in

smokers or ex-smokers, but the
ditference was not statistically
stgniticant



TABLE 8.—Continued

Relative risk compared with never smokers”

Cases among Former Current
Reterence Population Followup former smokers Outcome smokers smokers
Doll et at. (1980) British physicians: 6,194 22 yr NR Death due to cerebral 1.18 I-14cig/day: 0.93
women thrombosis 14-24 cig/day: 0.45
225 cig/day: 0.19
Rogot and Murray US veterans: 248,046 men 15 yr 1.279 Stroke ICD 330-343 1.02 1.32
(1980) (7th revision)
Fuller et al. (1983) Whitehall civil servants: 10 yr RES Stroke mortality 1.52 1-9 cig/day: 1.0°
18.403 men aged 40-64 10-19 cig/day: 2.0
220 cig/day: 2.3
Vessey., Lawless, 17.000 UK women aged 1016 yr 2 Subarachnoid 2.3" 3.0
Yeates (1984) 25-39 4 Nonhemorrhagic 1.3 1.4
Abbott et al. (1986) Honolutu Heart Study: 7,895 12yr; tl Thromboembolic 1.6 (0.7-3.8) 3.00
men of Japanese origin; 658 6yr 3 Hemorrhagic 1.8(0.4-9.0) 6.10
smokers who quit in first 6 yr Total 1L5(1.0-2.3) 3.50
Welin etal. (1987) 789 men living in Gothenburg, 18.5 yr: NR Excluded subarachnoid 118" 1.67
678 examined 11 yr hemorrhage
Carstensen, 25,159 Swedes 16 yr 124 Cerebrovascular mortality 110 1-7 g/day: 0.9
Pershagen, Eklund ICD 430-438 815 g/day: 0.9

(1987) >15 g/day: 1.1



TABLE 8.—Continued

S . a
Relative risk compared with never smokers

] Cases among Former Current
Reference Population Followup former smokers Outcome smokers smokers
Wolt et al. (1988) Framingham Study: 4,255 26 yr N/A Stroke and transient Risk significantly Men:
men and women ischemic attack fower than that of 1.42 stroke
current smokers 1.56 brain
infarction
Women:
1.61 stroke
1.86 brain
infarction
Colditz etal. (1988) Nurses Health Study: 118.539 8 yr 65 Subarachnoud 30(1.3-6.6) I1- 14 cighday: 4.3
US women aged 30-55 hemorrhage 15-24 cig/day: 5.1
225 cig/day: 10.3
Thromboembolic 1.3(0.7-6.6) I-tdcig/day: 1.8
stroke 15-24 cig/day: 3.2
225 cig/day: 3]
Total stroke LS 1-2.2) 114 cig/day: 2.5
1523 cig/day: 2.9
225 ciglday: 3.8
LIS DHHS (1989) ACS CPS-1 (25-State Study) 6 yr (1959-65) NR Men*

35 64 v
268 yr

179 (1.55 2.08)"
IS (102 1.30)

102 (L83 1.25)"
093 (L8O 1.08)
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TABLE 8.—Continued

Relative risk compared with never smokers®

Cases among Former Current
Reference Population Followup former smokers Outcome smokers smokers
. Men <21 cig/day
ACS (unpublished ACS CPS-H (50-State Study) 4 yr(1982-86) NR Mortality due to
tabulations) cerebrovascular Quit <1 yr 3.94 243
disease 1-2yr 111

3-Syr £.55
6-10yr 1.64
L1-15yr 0.62
zl6yr (.72

Men 221 cig/day

Quit <1 yr 0.37 2.07
1-2yr 1.43
3-5yr 1.39
6-10yr 2.27
11 15yr 2.34
>l6yr 1.92

Women <2(} cig/day

Quit <l yr NR 1.77
1-2yr 1.92
3-5yr 1L.79
6-10yr 0.59
11-15yr 1.23
2l6yr 0.93



TABLE 8.—Continued

. . . d
Relative risk compared with never smokers

Cases among Former Current
Reference Population Followup former smokers Quicome smokers smokers
ACS (unpublished Women 220 cig/day
tabulations) Quit <t yr 0.29 2.33
(continued) I 2yr 0.51
3 Syr 071

6-10yr 0.84
=15 vr 0.23
216 yr 0.73

NOTE: N/A=not applicable: ACS CPS-Tand -H=American Cancer Society Cancer Prevention Studies Tand 11 NR=not teported: ICD=International Classification of Discase

“95% confidence interval shown in parentheses when available.
PRelative risk calculated from data presented in original paper.
“Retative nisk reported by Shinton and Beevers (1989)

“Data for women former smokers not presented separately.

“Excluding those with a history of cancer, heart disease. or strohe at enroliment,



followup. these investigators reported mortality ratios close to 1.0 for all durations
except for 5109 years after quitting.

Based on 26 years of studying 4.255 men and women in the Framingham Study (Wolf
etal. [98R), the risk of stroke among persons who stopped was significantly lower than
that among persons who continued to smoke cigarettes. Furthermore. persons who quit
smoking developed stroke at the rate of never smokers soon after discontinuing
cigarette smoking (Figure 8). Wolf and coworkers (1988) estimated that the risk of
stroke among smokers had decreased significantly 2 years after quitting and reverted
1o the level of never smokers within 5 years. These results persisted after controlling
for age. blood pressure. serum cholestrol level, relative weight. left ventricular hyper-
trophy on electrocardiogram. and blood glucose level. Thus, the reduction in risk after
smoking cessation is not attributable to differences in other risk factors for stroke
between those who quit and those who continue to smoke.

In the Nurses Health Study (Colditz et al. 1988). a lower risk of stroke was observed
with increasing time from cessation. Compared with the risk among never smokers.
the relative risk was 2.6 among women who had stopped for less than 2 vears
(95-percent CL. 1.4—<.7). However. among women who had stopped for 2 years or
more, the relative risk was reduced to 1.4 (95-percent Cl. 1.0-2.0). Women currently
smoking 15 to 24 cigarettes per day had a relative risk of 2.9 compared with never
smokers. Again, the elevation of the relative risk during the first 2 years after cessation
1s consistent with high recidivism among these women.

Prospective data from ACS CPS-1I showed that among men who quit smoking. the
risk of stroke returned to that of never smokers after 11 years or more of smoking
abstinence for those originally smoking tewer than 21 cigarettes per day. However. for
men who previously smoked 21 cigarettes or more per day. the risk among former
smokers did not return to the level of never smokers. even after 16 vears or more of
cessation. Among women who quit. the rate of decrease was much more rapid: by 3 to
5 years after cessation, the risk of stroke was similar to that of never smokers (Table
8).

Oral Contraceptives and Smoking Cessation

In two studies the risk of subarachnoid hemorrhage was augmented among cigarette
smokers who also take oral contraceptives (Petitti and Wingerd 1978: Collaborative
Group for the Study of Stroke in Young Women 1975). In the Collaborative Group
Study of stroke among young women (1975). the category of former smokers was not
clearly defined: rather. a group of “once regular smokers™ was compared with “never
regular smokers.” In this study there was no association between current smoking or
former smoking and risk of thrombotic stroke. Overall. the relative risk for hemorrhagic
stroke was 1.8 among once regulur smokers and 3.3 among current smokers. Within
the group of once regular smokers. women currently using oral contraceptives had
approximately twice the risk compared with women not using oral contraceptives. The
Royal College of General Practitoners study of oral contraceptives did not separate
former smokers from never smokers (Layde. Beral, Kay 1981). Hence. data to address
the relationship among oral contraceptives. smoking cessation, and risk of subarachnoid

258
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FIGURE 8.—Survival free of stroke in cigarette smokers (dotted line), never
smokers (solid line), and former smokers (dashed line), aged 60,
using Cox proportional hazard regression model, among men and
women

SOURCE: Wolf et al. (198%).



hemorrhage are not available from that study. Because oral contraceptive preparations
used today provide substantially lower doses. the risk of cardiovascular disease as-
sociated with their use and their interaction with cigarette smoking may be ditferent
than observed for the early high-dose preparations.

Effect of Smoking Cessation After Stroke

In contrast with CHD, in which the focus after MI is prevention of recurrent disease.
the center of attention after a major cerebrovascular event is rehabilitation. For CHD.
substantial evidence shows the benefits of abstaining from smoking after onset of CHD.
Comparable data are not available on the benefits of abstinence after stroke.

Summary

Risk of stroke resulting from occlusion of the cerebral arteries and from subarachnoid
hemorrhage is increased approximately twofold to fourfold among current smokers
compared with never smokers. After cessation, the excess risk decreases steadily. In
some studies, the risk of stroke among former smokers becomes indistinguishable from
that of never smokers within 5 years: in other studies. this decrease did not occur until
after 10 years or more of smoking abstinence. The reduced risk of stroke among persons
who stop smoking is independent of the amount previously smoked and other known
risk factors for stroke. Similar reductions in risk of stroke after cessation are seen
among men and women, but tew data are available for minority populations.

CONCLUSIONS

. Compared with continued smoking. smoking cessation substantially reduces risk of
coronary heart disease (CHD) among men and women of all ages.

2. The excess risk of CHD caused by smoking is reduced by about half after | vear of
smoking abstinence and then declines gradually. After 15 vears of abstinence. the
risk of CHD i similur to that of persons who have never smoked.

3. Among persons with diagnosed CHD. smoking cessation markedly reduces the risk
of recurrent infarction and cardiovascular death. In many studies. this reduction in
risk of recurrence or premature death hus been 50 percent or more.

4. Smoking cessation substantially reduces the nisk of peripheral artery occlusive
disease compared with continued smoking.

5. Among patients with peripheral artery disease. smoking cessation improves exercise
tolerance, reduces the risk of amputation after peripheral artery surgery. and
increases overall survival.

6. Smoking cessation reduces the risk of both ischemic stroke and subarachnoid
hemorrhage compared with continued smoking. After smoking cessation, the risk
of stroke returns to the level of never smokers: in some studies this has occurred
within 3 years. but in others as long as |5 years of abstinence were required.
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